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THE EFFECT OF ISONIAZID ON LIPIDS OF THE TUBERCLE 
BACILLUS 


HENRY P. RUSSE ann WILLIAM R. BARCLAY 
Reeeived for publication May 24, 1055 


INTRODLCTION 


Tubercle bacilli isolated from the animal host or grown on synthetic media 
exhibit an acid-fast staiming character. It has been suggested that this quality 
is due in some way to the lipid composition of the organisms. In particular 
mvycole acid has been implicated | Lamanna has prope ed tha cid-tastne 
is due to the relatively greater solubility of the dye in the lipids « the bacillu 
rather than in acid aleohol (2). Choueroun (3) has isolated a lipo-carbohydrate 
Which is assocated with both acid-fastness and the production of hypersen 
sitivity. However, no complete explanation has been found to clarify the nature 
of acid-fastness which agrees with all the experimental data 

Recent investigations in this laboratory (4) have shown that the tubercle 
bacilli lose their acid-fastness when exposed to isoniazid. This loss of acid-fast 
ness occurs only if the bacilli are actively metabolizing in the presence of iso 
niazid, and it does not occur if their metabolism is altered by other factors such 
as low temperature, deficient media, or previous exposure to other antituber 
culous drugs (8). Therefore, the loss of acid-fastness may reflect an altered metab 
olism which leads to a change in the normal lipid composition of the tubercle 
bacillus. To investigate this problem, the lipid composition of tubercle bacilli 
exposed to isoniazid was compared with the lipid composition of untreated or 
ganisms 

In an attempt to correlate acid-fastness with the production ol hy perse ris 
tivity, the ability of isoniazid treated, nonacid-fast organisms to confer tuber 
culin hypersensitivity in guinea pigs Was investigated and compared with the 
hypersensitizing ability of untreated acid-fast bacilli. Also tested in this re spect 
were bach exposed to isoniazid at 6°C. and bacill exposed to isoniazid after 


previous exposure to streptomycin 


From the Department of Medicine, Division of Pulmonar Disease University of 
Chicago, Chicago, 
? Presented before the Medical Se “Shon, a= part of Section 38. at the innual mer ting of 


the National Tuberculosis Association, Milwaukee, Wisconsin, May 24, 1055 
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KUSSE AND BARCLAY 


MATERIALS AND METHODS 


Avirulent tubercle bacilli, «train RIRv, were grown on the surface of 00 ml. Proskauer 


ind Beek liquid medium in extra wide bottom 2,500 ml. Erlenmeyer flasks. Light fla were 
wulated with O11 mg. (wet weight) (5) of tubercle bacilli and incubated at 37°C. When 
old, 10 of labeled monimzid 
widition of the tonmazid 


of 


retour to live weeks 
after the 


f the flask fine week to ten da 
the bacilli were harvested and washed with distilled water containing 0.02 per cent Tween 
Control organisms from the tlasks to 


The | ophilized organi ts 


then lyophilized for twenty-four to thirty «ix hours 


which no drug had been added were treated in the same manner 
arecd the lipids were then extracted following a modifeation of the method of 


sere weighed 
Macheboeuf, Dieryek, and Stoop (7) igure 


LYOPHILIZED ORGANISMS 


COLD — 

3 EXTRACTION 
COLD ETHER 
EACH 
LD METHANOL 


.D ETHANOL 


BOILING BENZENE 


baci, 1.) Method for lipid extraction of tubercle bacilli (modified after Macheboeuf, 


Dhiervek and 


strain 


experiments with guinea pigs, virulent tuberele bacill 


Erlenmeyer flasks 
ot tuberele bacill 
wration and rapid growth. The 


bor the hypersensitivity 
were grown Dubos liquid medium 
ml! of medium were inoculated with 1.0 mg wet we ight 


ml.) containing 
and incubated 


al ( on a mechanical shaker to promote maximum 


of tubercle bacilli were divided into four groups and tre ited] as follows 


eulture 
oupl Untreated eulture 
Group Ll: Twenty of isoniazid per ml. added after one week incubation of the 


culture 
Group Ill: After one week incubation, 2D of isoniazid per ml. added and the 
culture refrigerated at 6¢ 
(iroup IV: Ten » of plomyemn added per mil. of culture after one 
followed by the addition of 20 y of isoniazid per ml. six days 
Acid fast stains were done on all groups of organisms ten days after the addition of the 
The organieme for thirty minutes and 
centrifugation and resuspended in sterile saline. AO 2 ml. (contaming 


wet weight) portion of the saline 
sensitive to Old Tu 


week incubation 


later 


wer pasteurized sat eparated trom 
the culture media b 
tubercle bacilli suspension Was in 

into the groin of guinea pigs which were not 
of a 1:10 dilution of OT at two 


ipproximately 4 mg 
ubeut 
three 


Animals were challenged with 0.1 ml 


hereulin 


four. and five weeks after the injections 


RESULTS 


The lipid extracts were dried 


fleets of on lipid composition of Riki 
ina Vacuum desiceator after separation from the bacill by centrifugation 


extracts were weighed, and their per cent of the total dry weight of the organisms 


The distribution of C™ labeled isoniazid in the lipids will be reported in a subsequent 


J 
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ISONLAZID EFFECT ON MYCOBACTERIAL LIPID 


TABLE 1 
Compantson or Lirto Fractions (;ROWN Proskavtern ann Liguip 


Meoiem wirn 10 Mo. rer Mi. oF Isontazivo Ap THE M 


PALI 


ret mized 


Untreated acid fa 


I ontazid 


Moderate 


reaction O 


vas caleulated Although i higher per cent 7 | lipids vas extracted from: the 
trol group of organisms by each of the solvents, the most marked difference 
seen in the methanol fraction. The tlues obtamed are shown im table J 

The effect of on in: the production of h jpersens tity When 
acid-fast stains were mince ten day ifter the addition of tonimzid t > the “arin 


cultures of tubercle bacilli, the control organisn Group 1), the organisiis « 


posed to isoniazid at ¢ Group and the organisms treated with woniazid 


alter previotis exposure to streptomyemn (Group /\ vere all found to be aed 


list tubercle tre ited with Group tl vere tore than 
per cent nonacid-tast 
While the guinen piges ine ulated with the acid-fast control organism Group 


1) showed a marked hypersensitivity to tuberculin, the animals inoculated with 


7 
Per Cent dry W { Lipid Extract 
Faye 
i 
rv 
‘ Nite 
+ 4 
treated nonacid fast 0 
{) 


Kt SSECAND BARCLAY 


rABLE 3 
Resronse To Cuatcence wrrn Oro Tesercuun (OT) Arrer [NocuLation wirn Actp 
Fast H37Rv wirn Isontazip av 6°C. ann Treateo 


Arver Previots Exroscre TO STREPTOMYCIN 


Ciuinea Pigs 


Treated with streptomycin and isoniazid acid fast 


Refrigerated, isoniazid treated, acid fast H37Ry 


Necrost 4+ Severe reaction. +4 Moderate reaction. + Minimal 


reaction. No reaction 


the nonacid-fast, isoniazid-treated organisms showed no response to challenge 
with OT (table 2 

Animals which had been inoculated with acid-fast organisms treated with 
both streptomycin and isoniazid (Group IN showed a moderate reaction to 
challenging doses of OT. The guinea pigs inoculated with the acid-fast organisms, 
treated with isoniazid at 6°C. (Group 117) responded minimally to challenging 
doses of OT at two and three weeks, but responded strongly to OT at four weeks 


after a delayed emergence of hypersensitivity (table 5 


DISCUSSION 


It ix concluded from these studies that one of the effeets of isoniazid on the 
tubercle bacillus is the quantitative reduction of substances soluble in organic 
solvents, particularly methanol. The chemical nature of these lipid extracts ts 
vet to Le studied. They may possibly be similar in composition to those described 
by Macheboeuf and his co-workers It is possible that the loss of acid-fast ness 
ix associated with this reduction of lipids in isoniazid-treated bacilli 

Exposure of growing virulent tubercle bacilh to high concentrations of iso 
niazid alters the ability of these organisms to confer hypersensitivity to tuber 
culin in guinea pigs. This possibly is a parallel phenomenon to the loss of acid 

The association of acid-fastness with the ability to confer hypersensitivity in 
susceptible animals has been suggested by Chouecroun (5), who has tsolated a 
lipo-carbohydrate from tubercle bacilli which is related to both of these qualities 
She has cited the earlier work of Boissevain and Schaefer in support of her 
thesis. Boissevain and Schaefer were able to obtain nonacid-fast tubercle bacilli 
by a mild hydrolysis with hydrochloric acid. Subsequently, when such bacilli 
were injected into test animals, it was noted that they had lost the ability to 


sensitize the animals to tuberculin 


7165 

Challenged th OT 1:10 Afte 
Ino ulated with 
# Werk 4 Wee 
4 ; + + 
4 
t rt 
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ISONIAZID EFFECT ON MYCOBACTERIAL LIPID 717 


Phe present experimental results, in conjunction with the previously reported 
effects of isoniazid on the loss of acid-fastness of the tubercle bacillus, suggest 
that isoniazid forces growing tubercle bacilli into an altered metaboli pathway 
which is incompatible with the physiologic life of the organism Possibly as a 
result of this altered metabolism, certain defects in lipid composition become ap 
parent, as well as « hanges in staining character and alterations in the antigenicity 


of these Organisms 


St MMARY 


Pubers le bacath exposed to isoniazid in vitro show a decrease in the amount of 


lipids which may be extracted with orgamie solvents, particularly methanol, 


when compared with untreated tubercle baciuh 


Animal studies show that tsoniazid-treated nonacid-fast tubercle bac th lose 


the ability to confer hypersensitivity to tuberculin in guinea pigs 


kl Efecto de la laoniacida 


Al compararlos con bacilo tuberculosos no tratados. los bacilos tuberculose 


invitro a la isomacida revelan una disminucion en la eantidad 
con solventes organicos en particular metanel 

Los estudios er nitales muestran que ‘ berculose 
tratados con ison prerden pars i i 


en los cobayve 


Par comparaison avee les bacilles non ite | bacilles tubereuleus ex prom 


il trontrer ine réduetion de qquantite her pouvant étre por le 
solvants organique particulier par methanol 
Les tude ur lanimal montrent que les bacilles tubereuleu 


par lisommazide perdent leur capacite de conférer au cobave lal 
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COMPARISON OF THE EFFECT OF FOUR VARIABLES IN THE 
ANTIMICROBIAL THERAPY OF PULMONARY TUBERCULOSIS 


I. Report of the Cooperative Study of the Veterans Administration, Army, and Navy, 
April, 1949, to January, 1951 


WILLIAM B. TUCKER® 
Received for publication July 26, 1955 


INTRODUCTION 


\ cooperative program for the evaluation of variables in the antimicrobial 


therapy of tuberculosis was established in hospitals of the Veterans Adminis 
tration, Army, and Navy in May, 146. Seven hospitals participated originally 
nearly fifty hospitals have participated in recent years.’ This cooperative study 
has been one of three large cooperative studies concerned with the problems of 
the antimicrobial therapy of tuberculosis. In broad outline, these studies have 
been comparable with those conducted throughout the same years by the Los 
Public Health Service (19) and the British Medical Research Council (17, 
20, and 21) 

Summaries of the earlier phases of the investigations by the Veterans Ad 
ministration, Army, and Navy for the period 1046-1949 have been published 
(1 6). They have covered the period before para-aminosalieylic acid (PAS) was 


Is 


in general use. In brief, the findings in pulmonary tuberculosis were as follows 
(th): 


The administration of 2 gm. of streptomyein daily was associated with a high 


degree of toxicity which was avoided to a considerable extent when the dose was 


reduced to 1 gm. or 0.5 gm. daily, or to | gm. twice a week 
The daily administration of 1 gm. of streptomycin was judged to be as effective 


4 em daily. The 0.5 


therapeutically in pulmonary tuberculosis as 2 gin. of streptormy 
gm. daily dose was approximately as effective, but only slightly less toxic than the | 


ath daily dose 


The administration of | gm. of streptomycin daily in a single dose was as effective 


as | gm. in five divided doses (0.2 gm. every four hours from S a.m. to midnight), with 


no detectable difference in toxicity 
The daily administration of streptomycin alone, whether at the 2, 1, or 0.5 gm 
daily dosage, was associated with a high rate of emergence of tubercle bacilli resistant 


to streptomyein in concentrations of ly per mil. or higher in vitro 


Portions of this report were presented to the Tenth Conference on the Chemotherapy 
of Tubereulosis (Streptomycin Conference Atlanta, Georgia, January 25 2s, 1951 

? Prepared by the writer at the request of the lxecutive Committee of the Conference 
on Chemotherapy of Tuberculosis, Veterans Administration, Army, and Nav) 

‘Chief, Medical Service, Veterans Administration Hospital, and Professor of Medicine 
Duke University School of Medicine, Durham, North Carolina 
snd Chairman of Committee on Plans, Veterans Administration, Army, and 


member of the bxecutive 


Committe 
Navy ¢ cooperative Study 

‘ The names of the hospitals whieh have participated in the cooperative study are listed 
under acknowledgments at the end of the article 
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The administration of | gm. of streptomycin every third day or twice a week ap 
preciably lowered the rate of emergence of streptomycin-resistant strains of tubers le 

Shortening the course of daily streptomycin therapy from four to two months on 
to forty-two days decceased both drug toxicity and the appearance of drug-resistant 
tubercle bacilli, but at a considerable cost in therapeutic eflieacy, Relapse was more 
common than with regimens of four months’ duration 

Dihydrostreptomyein, on the basis of preliminary reports, appeared to be as ef 
ficneious as streptomyem, with less toxicity for the vestibuliur nerve but more for the 


widitery nerve 


Preliminary reports, based on small-scale investigations, available in L949, 
indicated that the multiple-drug regimen ol streptomycin nna pars aminosall 
evlie acid (PAS) offered much promise. This was apparent not only from the 
standpoimt of the usual measures of therapeutic eflicacy, such as roentgeno 
graph reve rsal of mfectiousness, and avoidance of rel buat 
partic ularly from: the standpoint of avoidance or delay in the rate of emergence 
ol streptomyecin-resistant straits of tubercle bacilli (7 9 

Phe present report will summarize briefly the findings of the cooperative study 
for the period 1949 1951, when streptomycin PAS was being further tested, 
when the daily administration of streptomyenh Wie beng compared with so 
called “intermittent” administration (every third day or twice a week), when a 


further comparison was being made of streptomyecm and dihydrostreptomyen, 


and when regimens of three and four months’ duration were being compared 


Subsequent reports will deal with later periods of the cooperative study 


PLAN OF INVESTIGATION 
V ethods 


m of patients: The following were requirements for admission of pa 
tients with pulmona tuberculosis to the investigation (earlier requirements that there 
be a mamdator pretreatment observation period ol ixt la hefore the tart of anti 
microlnal therap sd that there be a life expectancy of at least one vear were discontinued 
in 

1. Demonstration of tuberele bacilli in sputum or gastrie contents (all patient 
not meeting this requirement were excluded 
Progressive or stationary disease in a pretreatment observation period (the di 
ease in the cases here reported proved to be progressive S4 per cent, stationar 
in 16 per cent 
\ ‘predominantly exudative component preferred (this proved to be present 


in 70 per cent in this serve 


Provisions of the protocol for selection of patients included the phrase “The X ra 
sill disclose some exudative component, the more the better Physicians in reporting 
cunt vere asked to indicate whether in their opinion this exudative component consti 
tuted more or le than per cent of the disease visible on the roentgenogram, if it eon 
tituted more than 50 per cent, it was designated as “predominantly exudative It wa 
recognized that estimation of a true exudative component by roentgenographie interpre 
tation has its limitations. The provision with respect to the exudative component was dis 


continued in Januar 1051. at the end of the period covered in this report 
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1. Degree of bed rest in effect prior to antimicrobial therapy to remain une hanged 
during therapy and for four additional months 
5. Ipsilateral artificial pneumothorax not to be present at start of antinnne robial 


therap ll forme of collapse therapy and other surgery permitted during and 


after antiumicrotial ther 
6. Susceptibility of tubercle bacilli in 10 of streptomyein per ml. in (patient 
vith «trains of tubercle bacilli which did not meet this eriterion were exe luded 
Vethod of azssiqnment of regimen: After determination that a patient with pulmonary 
tuberculosix newly admitted to one of the participating hospitals met the criteria for in 
clusion in the «tudy, determination as to which drug regimen would be employed was 
* Check» 


made at the he pital weording to the Inst cigit of the hosput il register number 


made of the mapartiait of this method of random allocation have shown it be un 


(10 
Laboratory methods: Standardized laboratory methods for baeteriologic examinations 


including drug susceptibility determination ire recommended to the participating 


hospitals by «a Bacteriology Committee, assuring 4 considerable degree of umformity of 
result- among the participating hospitals (11 

Collection of data: Data on characteristics of the patient, his tuberculous disease the 
detaile of hix antimicrobial therapy, other therapy received, and observations on result» 
snd are forwarded at intervals 


ire reported on standard individual ease report formes (12 
to the Reports and Statistics Service of the Veterans Administration (formerly the Medical 


Statistics Division), in Washington, 1D). ¢ for coding, compiling, and analysis. Resulting 


table are publi hed at conferences held at regular intery ils (semiannuall from M6 to 


13). Observations are reported at the following intery ils after 


thereafter 
the initiation of antimicrobial therapy: four, eight twelve, eighteen, and twenty tour 


months. Roentgenographie change is interpreted by investigators at the individual par 


ticipating hospitals, on a seven-pomnt from “marked improvement’? to “marked 
A study of the objectivity of such roentgenographie interpretation, m ule b 


in April, 1048, revealed that there is essentially the same degree 


worsening’’ (6 ‘ 
panel of expert climenn 
of agreement between hospital «t iff members and such experts as among the experts them 


selves when interpreting roentgenographie change on serial films on a completely objective 


laste 


* In this report results have not been analyzed of the role which the employment of 


collapse therapy or surgery may have played in the results observed. Data are ay uileabole 


whether poate nts at each obeervation had received (a no coll ther py or thoracn 
preumeperitoneum of phrenic nerve erush, of 


urgery.”’ Of the SIS patient observed eight months 


surgery pneumothor ix, thorace 


plasty, resection, of other thoraci 
ifter the «tart of therapy, for example, the percentages for (a hi), and (¢) were 25, 48 


and Zi, respectivel On the S71 patie nts observed twelve months after the start of ther py, 


the percentages were 25, 45, and 30, respeetively At both observation points the percentages 
of roentgenographic improvement und of reversal of infeetiousness were higher by approxi 
mately 15 points in groups (6) and (¢ than in group (a). In no instance was there a sig 
nifieant difference, however, between regimens or groups of regimens as to the frequeney or 
time of employment of collapse therapy or thoracic surgery 

Of patients otherwise eligible for tneluston in this study, 14 per cent were ¢ xeluded 
because of in reaustance to of streptomyecnn (or ih drostreptom cin) per mil 
* The provision bas applied since the inception of the study that « seriously ill patient 
even though meeting the eriteria for selection of cases, may be withheld from the study 
Furthermore, it ha been understood that a patient with a condition deteriorating 
under the treatment assigned by random allocation may at the physician's discretion be 
changed from that assigned to one of the physi ian’s choice. The number of patients with 


held or withdrawn from the study has been very small, less than 5 per cent of those eligible 


und has always been uniformly distributed among patients assigned to or eligible for the 


different regimens 
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Evaluation of results: At stated intervals after the initiation of antimicrobial therapy 
information on the following observations was reported on the individual case report formes 
6) patient's temperature 


change from start of ther py initia patient's gener il condition 


ill roentgenogr change see above ‘ change im hung 


patient seight overt 
untaver ible roentgenogtr aphine ch itige 
ispirates suscepti 


cavities Of present tatu 


both by microscopy and by culture, of sputum and /or gastrie 


of tubercle bacilli cultured from sputum or gastric contents 
In the earlier stages of the cooperative in 


survival of the pa 


tient, ane toxicity to the drugs employed 
le reliance had been placed on such clinical signs as general con 
was accumulated 


vestigation consideral 
dition, change in temperature, and change in weight. As expenence 
however, it was found that these observations were of limited prognostic and discriminatory 
value, and they are not emploved in the present study (15). Primary reliance in this report 
ix placed on roentgenographie improvement, of all degrees or of moderate and marked 
degree, and on reversal of infectiousness, i.e., “conversion” to negative of the sputum of 
gastric cultures for tuberele bacilli. Differences in terms of percentages are assumed to be 
ly significant at the OR probability level based on a 0.00 confidence coefherent 
Planning and coordination of study: At each successive conference results are revi wed 
ind plans made either for continuation or modification of the investigation in the light of 


those results. These decisions are made on the recommendation of a Committee on Plan 
formerly the Central Office Study Units Committee), representative of the participating 
hie put ils wd of consultants closely in touch with the project id then are idopted or 
the entire conference. Between annual conferences an bxecutive Committee 


modified bry 
the Central Othee of the 


two or three times a year, and a permanent secretary in 
siministration of the program 
of the 


meets 
Veterans Administration is responsible for the detailed 


Interim progress reports, containing informal narrative accounts of the progress 


investigations, are collected from and circulated to the participating institutions at three 


month intervals between conferences 
Vaterials 
In table | are outlined the dates after which patients with pulmonary tuber 


culosis were admitted to the cooperative investigation of the different drug 


regimen studies since the inception of the program. Those in the first five colunines 
1948) have been reported previously (6). The present report 


April and 


through October 
covers those regimens listed in the sixth and seventh columns (fot 


November, 
At the Seventh Streptomycin Conference, in April, 1949, the following regi 


mens were adopted lor investigation (see table 1): 
Patwnte 
137 


SM/3: 1 gm. of streptomyein daily for three months 
1s 


DHSM/3: 1 gm. of dihydrostreptomyein daily for three months 
SM PAS/3: 1 gm. of streptomycin daily plus PAS® for three monthe 


DHSM PAS 3: 1 gm. of dihvdrostreptomyecmn dail plu PAS for three 


month 
SM PAS /4: 1 gm. of streptomyein daily plus PAS for four months 
DHSM PAS 4: 1 gm. of dihydrostreptomyein daily plus PAS for four 
month 
wk 4 lem. of treptomvern twice a week for four month 
SM2x (wk PAS 4:1 gm. of streptomycin twice a week plus PAS for four 
month 
PAS dosage in all instances consisted of 12 gm. daily, i.e, 12 gm. of PAS equivalent in 
15 gm. of sodium para-aminosalieylate (NaPAS), given 5 gm. three times daily 


wk twiee a week 
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win jeer 
gm SM per 


per da 


yin SM seek! 


gm SM per da 
peer da 
gm oper da 
PAS] 
1 Ogm. per day 
10 gm. SM per da 
PAS 
perda 
PAS 
10 gm. SM twiee week! 
+ PAS 
10 gm. SM per d 
twice week! 
PAS 
05 gm. SM per da 
PAS 
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prolonged 


* Drug regimen studied from date 


next column to ander 
dihydrostreptom 


uniform 


SM treptomyecin 


{PAS park amine 
& 


§ Duration of treatment with these three SM PAS regimens 


at the diseretion of the 


which “'x"’ for that regimen no longer 


(dome 


inve stig ater 


Vil 


sted at head of column 
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Ihe total number of patients included in this study 


is SIS. Different groups of hospitals 
treated patients on different combinations of regiments, gener ally employing at | st fous 
tic coneurrent! The method of 
i signed three hospat 


of the above eight random allocation emplo ed 


register numbers en h to two regimens, and two register number 
each to two other regimens. At the Eighth Streptomycin Conference, in November, 1949 
on the basis of preliminary reports, investigation of five of the 


emht regimens listed wa 
discontinued, and patients admitted after that 


date were treated by random allocation 


«change and the study of different combination 


number ol cusses 


only on regimens 5,6, and S. Because of thi 
of regimens in different hospitals, the weaigned to the eight regimens dif 


fered as indicated above, although random allocation wa 


followed in all instanes 


lxamination of the eight regimens listed will reveal that by suitable pairings of regimen 
x 


possible to investigate the effeet of the following variables 


1. Daily ve mit 
ministered 
PAS 4 
Sinale 
wd 7 wh 
wk PAS 


lent adminiatration of 


eptomycin (with daily PAS, ad 


our months): regamen 5 SM PAS 4 regimen S wh 


ombined the apy regiments 4 DHSM 
regimens 3 (SM PAS 3 1 (OHSM PAS 


Streptomycin dihydroatreptam ya 
5S OSM PAS 4 regimen 
PAS 4 


Three month month apy: regimens 3 (SM-PAS/3) and 
1 DHSM PAS 3 regimens 5 (SM-PAS 4) and 6 (DHSM-PAS 4 
Such regimens may be compared and 


is individual paired analyst 


regumen SM PASS 
2 (DHSM OS). 4 PAS 3), and 6 


duration of the 


inalyzed by pairs or by groups of pairs as long 
does not reveal stati ignifieant difference Try the 
presentation of results to follow, the latter procedure been observed. it having beer 
determined that no error is thereby 


In table 2 may be seen charactertsties of patients and therr disease in the several grouped 
regimens. Not onl ino indieation given of the composition of the different treatment 
groups, but also measurement of their compar 


stole 
(MW the entire group 


S14 patients, 70 per cent had tar 


vuivanced pulmonary tuber 
culosis; S4 per cent the 


ie Was progressive during the observation period immedi 
therapy; the disease wa 


m4 per cent 25 per cent cere 


itely prior to antimrerobia bilateral in 70 per cent and cavernous 


Negroes and 75 per cent were white IY per cent of the 
mtrents had previous! had antitubereulou therap iltthough the organ 

of all were sceptibie to of streptomvern per novitro 


Supplementary colt therapy In addition. data not shown mo table 2 are available to 
indicate that approximately 75 per cent of all the patients received some form of collapse 
therapy during antimicrotnal therapy or within four mor ths thereafter without sigoihieant 
difference in the different treatment group 


Comparab ly of defining patie in table 2. there is good com 
parability of defining charactertsties in the four pared comparison groups. Dagger mark 


reall iwniheant \ preview tid 


defining charucte 1th) 


in the t e where difference we tutiat 
of the efleet of iste imheated the fol 
ving 

bar advanced improves le than meoderatel 


Progressive disease improves more than stationar 


Bilateral disease improves less than unilateral dis 

Patients with larger cavities improve le than those with «smaller eay 
no detectable cavittcr 

Che disease responds approximately equally well in whites and in non white 

prior antimicrobial therapy re ponds 

in those without proor therapy 


The disens« patient with lem well than 
even though tubercle are te 
of streptomvern per ml. in 
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TABLE 2 


Derinina at Start or Tuerapy or Patients with PULMONARY 
Tunercucosts Treaten on Various 1949-1950 


Comparison B Com partson ( 
M os. 
M/DHSM ~ 
with PA 


Months’ Month 


Dura Dura 


DHSM 
Number of ( ase 


Characteriatics 

ur ineed 

Progressive (pre 
therap: 

Bilateral 

(Cavernous 

Race: Negro 

Previous antimicrobial 


therapy 


* SM streptomycin, DHSM dihydrostreptomyein, PAS para uminosalicylic 
id 
t Difference in percentages in adjoining columns statistically significant 


§ 2x/wk twice a week 


In one instance in table 2 (Comparison B) the advantage to the group treated without 
PAS, with respect to prior antinite robial ther ipy,is toa degree at least offset by the ad 
vantage to the group treated with PAS with respeet to the percentage with cavities Slight 
differences of statistical significance do exist in the composition of the different treatment 
Krotipe but the degres oft compar ibility is believed to be <uffisently satisfactory to 


warrant comparisons based on the assumption that the groups are indeed compar ible 


KESULTS 


The results of the studies are summarized in table 3, according to roentgeno 


graphic improvement and bacteriologie findings. These data were reported at 
the four-month observation point to the Ninth Streptomycin Confer nee (136 


and at the eight- and twelve-month observation points to the Tenth Strepto 


mycin Conference (136) 

Comparison of daily and “intermittent” streplomycin: As may be seen trom 
Comparison 1 in table 3, there were no significant differences between patients 
treated with daily or with twice-a-week streptomyecm in addition to PAS for 
four months with respect to all degrees of roentgenographic improvement, im 
provement of both moderate and marked degree, and to reversal of infeetious 
ness, In the group of patients treated with daily streptomycin and daily PAS, 
there were less favorable results at twelve months after the start of therapy 
(eight months after discontinuation of therapy) than at four or eight months; 
whereas, in the group treated with streptomyein twice a week and daily PAS, the 


24 
Comparison A Comparison D 

mittent SM* PAS of Three 

ag with Daily t Month t 

a PAS, Treated Four Month All 
ee for Four Months Duratio Patients 
in Study 

D lhree- Four 
\ 
thon thon 

iM 

Percent 

92 + 79 76 70 76 73 70 + si 
§2 77 st) 77 77 x2 
9 #72 t 7% 80 7 78 
5 
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results achieved at eight months were generally maintained to the twelve-month 
point. The differences between the two groups at the twelve-month point, how 
ever, are not statistically significant 

Comparison of single-drug therapy with comlnned therapy: Comparison Bin 
table 3 indicates that, with respect to roentgenographic improvement, either of 
all degrees or of both moderate and marked degree, there is no statistically sig 
nificant difference between patients treated with either streptomyecim or dihydro 
streptomycin alone or with either of these drugs administered together with daily 
PAS his is true for each pear of regimens ine luded in the and for 
all three together. There is, however, a statistically significant difference in the 
reversal of infectiousness (“conversion”’ rate) in favor of the groups treated with 
combined therapy at the four-month observation point and, in addition, the 


differences at eight and twelve months appro h but do not quite ren h statis 


rABLE 3 
of THerary of PutmMonary Tt 


mp 


M DHSM wit M DSM 


PA M DSM Three M 
vith PA 


months < 251 


months if} 246 12s 


All Degrees of Roentgenographic Improvement (Per Cent 


mouths 
months 


2 months 
Moderate Plus Marked Roentgenographie Improvement (Per Cent 


months § oh 
months 


months 
‘Conversion’ of Sputum or Gastre Aspirates by Culture (Per Cent 


months 7 7 44 fl 
2 months i 1s 7 4 


*SM streptomycin; DHSM dihydrostreptomyein, PAS para -aminosaliey lic 
acid 
t Difference in percentages mn uljomming columns statistically significant 


§ 2x/wk twice a weeh 


720 
( om parison A Commbarison Come n (om parison D 
La Inter 
tart of for Four Month 
Antimicrobial Therapy 
M x wk§ Three bow 
M4 Ml DHSM Mont Months 
PAS Daily PA Drurat 
Number of Cases 
1 
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tical significance. Thus, aside from considerations of drug susceptibility and 
resistance, not referred to in this report, there is some evidence that streptomycin 
or dihydrostreptomycin administered with daily PAS for three or for four months 
is more effective than either agent administered without PAS for the same period 

Comparison of streptomycin and dihydrostreptomycin: Comparison C in table 3 
indicates complete therapeutic equivalence of the two drugs, according to the 
eriteria listed. No statistically significant difference is present, and this applies 
to each paired regimen comparison as well as to the totals 

Comparison of therapies of three and of four months’ duration: Comparison D, 
in table 3 indicates that therapy of four months’ duration is definitely superior 
to that of three months’ duration. This is true for both paired comparisons and 
for the combined regimens. The differences in all of the three observations are 


statistically significant at four and eight months after the start of therapy 


DISCUSSION 


Other studies (17 19) have conclusively established the fact that streptomy 
cin therapy is beneficial in the therapy of pulmonary tuberculosis although, when 
therapy is of four months’ duration, the difference between streptomycin ther 
apy and untreated controls lessens with the passage of time (IS). A major dis 
wlvantage to daily therapy with streptomycin alone is the high rate at which 
streptomycin-resistant tubercle bacilli emerge, in effect limiting the effects of 
such therapy in an appreciable number of patients. Various devices have been 
explored to avoid streptomycin resistance, such as administering streptomycin 
in alternate weeks or alternate months (20, 21); varving the daily dose of strepto 
mycin from 2 gm. a day to | gm. a day to 0.5 gm. a day (6); shortening the 


duration of therapy from four months to three months to forty-two days; and 


spacing the administration of streptomycin to | gm. every third day (6). None 


of these was appreciably successful in avoiding the emergence of streptomycin 
resistance While maintaming therapeutic eflieaey. It was not until PAS was 
administered along with streptomycin that much progress was made in delaying 
the rate of emergence of streptomycin-resistant tubercle bacilli 

The present report trom the cooperative study program of the antimicrobial 
therapy of tuberculosis of the Veterans Administration, Army, and Navy covers 
the transitional period from. single-drug therapy to “combined therapy” with 
either streptomyen of dihydrost reptomye in and PAS. The success of the strepto 
mvyem-PAS combination was eventually to permit) prolongation of effective 
antimicrobial therapy l ndings in the present report concerned with “combined 
therapy’ are consistent with those of others (9, 20 23 

Patients were admitted to the present study who had had prior antinis robial 
therapy tor tuberculosis, although those with streptomyecin-resistant organisms 
were excluded. It has been shown that prior therapy affects the therapeutic 
response unfavorably (16), and, therefore, that the inclusion of patients with 
such prior therapy ts less satisfactory than limiting an investigation to previously 
untreated patients The percentage who received prior drug therapy in the dif 
ferent treatment groups in the present study was comparable, however, and 


therefore no bias was introduced by its imelusion 


ae 
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Phe construction of the present study permitted, in addition to the COMLpPALT 
son of single-drug therapy and “combined” therapy, a further comparison of 
streptomvermn ana dihvdrost reptomiye in. The data here re ported demonstrate the 
therapeutic equivalence of these two forms of the drug which has subsequently 
been confirmed by others (24-26). The question of relative toxieity of the two 
related antibioties for the eighth cranial nerve is pertinent to their comparison 


In this study the incidence of toxicity for the vestibular nerve, as measured by 


diminished response to calorie stimulation, was 21 per cent for patients treated 


with streptomyemn and 15 per cent for those treated with dihydrostreptomyen 
Phe medence ol impaired hearmg of all degrees, determined audrometrically, was 
25 per cent lor those treated with dihvdrostreptomy: in and IS percent tor 
treated with streptomyein; of impaired hearing of moderate or marked degree, i 
was LO per cent for dihydrostreptomycin-treated patients and 5 per cent for 
streptomyem treated patients (27 These differences are all statistreally signifi 
ennt 

\ beginning was made in this study of an investigation into the effeet of the 
variable of the duration of antimicrobial therapy, employing the principle of 
random allocation, by contrasting the results of therapy of three and of tour 
months’ duration. Even in this narrow range of variation, the results were cleat 
cut in favor of the longer duration, at least for short-range follow-up observa 
tion 

Thus, the present study, of possibly more than histore mterest, based on what 
in 1955 is regarded as relatively short-term therapy (three to four months 
narrowed the range of variables for further investigation by the method of ran 
dom allocation of patients to different regimens serving as concurrent controls 
for each other. Dihydrostreptomycin was found to have no particular advantage 
over streptomycin, streptomycin PAS therapy was found to be more effective 
than therapy with streptomycin alone, especially with respect to the delay of 
emergence of streptomycin-resistant organisms; and treatment for four months 
was found to be more efficacious than for three. Some of the initial coneern, that 
twice a week streptomycin therapy (with daily PAS) might be less effeetive than 
daily administration of both streptomycin and PAS, was allayed. The basis thu 
was laid for the next phase of the cooperative mVvestigation itiated tm April 
1950, of prolonged therapy with streptomvein PAS. This later of the an 


vestigation will be the subject ola subsequent report 


stUMMALY 


\ total of SIS patients with bacteriologically proved pulmonary tubereuloss 
with tubercle bacilli susceptible in vitro to 1Oy of streptomycin per ml., were 
admitted in 1049 and 1950 by random allocation to an investigation of the fol 
lowmg 

1. Daily vs intermittent” streptomycin, with daily PAS, for four 
months 

B. Single-drug therapy (streptomycin or dihydrostreptomyemn 
‘combined therapy” (either of the same drugs with daily PAS 


Streptomycin vs. dihydrostreptomyem 
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Three-month therapy vs. four-month therapy 
Analysis of defining characteristics showed the comparison groups to be essen 
tially comparalyle 
\s judged by roentgenographic improvement, of all degrees or of both moderate 
and marked degree, and by reversal of infectiousness (“conversion”’ to negative 
by culture of sputum or gastric aspirates) with follow-up observations up to 
twelve months after the start of therapy, the following conclusions may be drawn: 
1. “Intermittent’ streptomycin PAS therapy is as effective as daily 
streptomycin PAS therapy 
Combined therapy,” consisting of either streptomycin or dihydro 
streptomycin with PAS, is slightly superior in its results to either 
of the two streptomycins alone, statistically significantly so in some 
respects 
Streptomycin and dihydrostreptomycin are therapeutically equiva 
lent, although they differ in the inerdences of their respective toxics 
ties for the two branches of the eighth eranial nerve 
Antinuerobial therapy with either streptomycin or dihydrostrepto 
myem and PAS, both given daily for four months, is superior to such 
“combined therapy administered for three months 
Phese studies, a part of a cooperative investigation among nearly fifty hospitals 


in the Veterans Administration, Army, and Navy, led to the formulation of a 


study of prolonged streptomycm-PAS therapy which will be the subject of a 


stibsequent report 


SUMAKIO 


Comparaccon del de Cuatro Variables en la Te apeoutica tatimocrotiana de la Tuber 


culosia Pulmona 1. Informe Relative al Eatudio (voperati © Llevade a pe a 


tdminiatracion de Veteranos. el Ejéreite y la Armada. abril 1949, a enero, 1961 


tn total de SIS enfermos que tenian tuberculosis pulmonar comprobada bacteriolégica 
mente, con bacilos tuberculosos susceptibles in vitro a lO de ¢ streptomicina por mil., fué 
weptado en 1050, por asignacion al azar, para una investigacion que comprendia 
las sigtnentes comparactone 
1. La estreptomicina diaria comparada con la “intermitente’’, con deido para-amineo 
thieihee (PAS) diartamente durante cuatro meses 
KB. Terapéutica con una sola droga (estreptomicina o dihidroestreptomicina) com 
parada con una “terapéutica combinada una u otra droga con PAS diariamente 
betreptomicina comparada con dihidroestreptomicina 
tre nie es comparada con terapéeutic ide cuatro meses 
bl andlisis de las caracteristicas de definicién revelé que los grupos tomados eran esencial 
mente compar abole 
anda lu joriagr ide tonto gene roo por la de orden moder o not ible 
y por la tnversin de la infeeciosidad viraje’’ a negatividad de los cultivos del esputo o 
ule gaat rie cabe las siguientes cot 
La terapéutics “intermitente”™’ con estreptomicina-PAS es tan eficaz como la diaria 
con estreptomicina PAS 
La terapeutica combinada comprendie ndo va estreptlomicina dihidroest re plo 
micina con PAS. ¢ igeramente superior a una u otra estreptomicina per <i sola, 


tleanzande esto en algunos sentidos importancia estadistica 
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La estreptomict dihbidroestreptomicina son equivalente terapeuticamente 


di la incidences i respectiva toxrendad para las dos rama 


del octave 


La terapeéut intimicrobiana con Va estreptomicina o dihidroestreptomicina 


PAS, administs ambos casos diarramente durante cuatro meses, upertor 


ila misma sombinads vimnistrada durante tres mese 


estudio de una tnvestigacion cooperativa entre cast ciacuenta ale 


Administracion de Veteranos, del kyéreite le la Armada, condujyo a la formutact 


treptomecema PAS, que el 


un estudio de la terapeutica yolongada con 


tithe tibsigtiente 


MI 


ables dan 


nt satternts de tuberet can 


ivee bacilles tuberculeux sensible treptomverne pat mil " fre. ont 


répartis au hasard dans | éries comprises dan investigation portant sur les eomypn 


Hivantes 

1 Administration quotidienne comparée intermittent 
streptomverne rer au PAS chag one pendant quatre mot 
KO Traitement par médicament unique treptomvere ou dihydrostreptomy 


comparee au traitement polis 


PAS ch 
compares la «lth drostreptom 


Cure de trot thom par rapport a la eure de quatre thot 


dela grotipes de compatateat 


entirellement comparable 

fondant inélioration radiolagique de tous degrés, ou de degré modére ou 
négatifs de la eulture des crachats ou le obtentus pat 
atite 


PAS est at i trepto 


trique, en peut titer be comeluston 
Le tramtement intermittent 
mvemo PAS thérape quotidrenne 
tant er treptom ile ouen ath ‘ treptom 


la traitement comune 


its légerement supereut 1 coun obtenu vet ine 
autre treptoms cin eeu sont certains égard ignifieatif 
penne ‘le vue 

treptom ‘ mtreplomver i théerapeutiquement 
elie cle j respective pour | 
pauire cranbeine 


Le trastement wteren avec eine 


peau e PAS wiministre juotidbennement pendant q 


tiperieut sitement ‘ un re fromm mot 


étude qui poartie 
tration Armée et Marine, ont 


ion colleetive effeetusr 


pres «le einquante j 
l’élaboration d'une « titement streptom PAS prolongé qui xern 


rapport 


Data for the co reported have been contributed by the taff« « the 


following hospita Army Hospital (formerly Fitzsimons General Hoxpital 


| (29 
fom paraiser te effet de quatre « thi ant enne de la tule 
pulmonaire: | Rapp par UAdministration dex Vétérar 
frinde ot Me ne entre A 1 1949 et Jannier 1951 
Un total de SUS) pot 
etarent ¢ 
bin se 
lnvage 
le 
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Denver, Colorado, U.S. Naval Hospitals at Sampeon, N.Y San lego, Calilornia 
formerly loeated at Corona, California und the following Veterans Administration 
Hoxpitals and Center Alban Albuquerque, M lexamdria, Aspinwall 
Atlanta, (oa Augusta, Con Baltimore, Mad Batavia, N.Y Broekton, Mass 
Brecksville, Ohio; Bronx, Brooklwn, N. Butler, Pa; Castle Point, Cham 
blee (Atlanta), Cen ¢ Coral Gables, Davton, Ohio; Dearborn, Mich 
Downey, Orange, No Excelsior Springs, Mo.; Fort Benjamin Harrison (Indi 
imapolis), End Fort Logan (Denver), Colo Framingham, Hines (Chicago 
Houston, Tex.; Indianapolis (Cold Spring Road), Ind_; Kerrville (formerly Legion 
Livermore, Calif.. Long Beach, Calif., Louisville, kK Madison, Wi Martinsburg 
W.Va, Memphis (Kennedy Medieal Teaching Group Hospita 
Penn.; Memphie (Lamar Penn.; Minneapolis, Minn.; Newington, Conn, New Orlean 
La; Oukland, Calif.; Oteen (Asheville N (hutwood, kK Portland, Ore 
Va. Rutland Height Mua San Fernando, Calif.; Springtield, Mo Staten Island 
Halloran), N.Y Sunmount, N Femple, Te Tueson, Ariz.; Vancouver, Wash 
Van Nu Calif Walla Walla Waukesha, Wi West Haven, Conn , Whipple 
Ariz umd Wood (Milwaukee ix regretted that it is impossible to list the name 
of the individual investigators in these hospitals who have made the studies 
Data compiled from form thmitted by participating hospitals have been comypuled ty 
the following statisticians in the Veterans Administration Central Office, Washington 
Morton Robart 1946 1047). Jack Beekerman (1946), Howard Dunn 
Hyman J. Doben (1940 1951), Dorothy Livings (140 1954 John Williams, Jt 
upervieion Was supphed by Morton Robins, Chief, Biometrics Seetion 
14) and Rachel M. Jens Assistant Chief, Medical Research Statistics Division 
under the following chiefs: Paul Mo Densen (Chief, Medieal Research Statisties Division 
140) and Daniel Rosen (Chief. Reports and Statisties Service, 1954). bach 
has made a valuable contribution in the often difheult field of integration of statistien 
ind elinieal philosophies in addition to indispensable service in the handling of comples 
voluminots clinical data 
brom its inception the study has been guided by a pereeptive “committee inthe Central 

(Mice of the Veterans Administration, at first ealled the Streptomyveimn Committee (in 
recent years the Committee on the Chemotherapy of Tuberculosis) under the general 
supervision of Dr Joho Bo Barnwell, Chief and Direetor of the Tuberculosis Service. The 
ecretary of the committee from it« beginning has been Dr. Arthur M. Walker, who ha 


upplied constant guidance and stimulation to the projeet and torts radividual partreipants 
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COMPARATIVE EFFICACY OF THREE STREPTOMYCIN AND PARA- 
AMINOSALICYLIC ACID REGIMENS OF PROLONGED DURATION 
IN PATIENTS WITH PREVIOUSLY UNTREATED 
PULMONARY TUBERCULOSIS 


Il. An Account of the Cooperative Investigation of the Veterans Admistration, Army, 
and Navy, February, 1951, to January, 1952 


WILLIAM BO TUCKER 
Received for publication July 26, 1955 


INTRODUCTION 


For the past few vears somewhat parallel cooperative investigations of the 
effects of variables of the antimicrobial therapy of tuberculosis have been con 
ducted by the Public Health Service in the United States, by the Medical Ke 
search Council of Great Britain, and by the United States Veterans Administra 
tion, Army, and Navy \ previous report 1) has recapitulated the progress ol 
the cooperative investigations of the latter group in the antimicrobial therapy 
of pulmonary tuberculosis between 1049 and 1951. It was established inp these 
investigations that the use of streptomycin and para-aminosalieylic acid (PAS 
together was more effective than the use of streptomycin alone partie ularly with 
respect to avoidance or delay of the emergence ob streptomycin-resistant straits 
of tubercle bacilli. On the basis of the results of these studies, it was possible to 
undertake an investigation of the relative merits of three different regimens 


composed of streptomycin and PAS, administered for periods considerably more 


prolonged than in the previous studies. The findings of this second set of studies 


comprise the present report 

As indicated in the previous report ((1), table 1), after the Ninth Conterenes 
on the Chemotherapy of Tuberculosis (in April, 1950), an investigation was com 
menced which compared the effectiveness of streptomycin, | gm daily plus 12 
gin. ol PAS daily,’ and streptomycin, l gm. twice a week plus 12 gm. of PAS 
daily. At the Tenth Conference Gin January, 1951), the study was extended by the 
inclusion of a third regimen, streptomycin, 0.5 gm. daily plus 12 gm. of PAS 


daily Data in this report are from the period when all three regimens were tid 


Presented in part at the Fourteenth Conference on the Chemotherapy of Tubereul 
Atlanta, Georgia, February 7-10, 1955, and at the Medical Session, as part of Section 1A 
it the annual meeting of the National Tuberculosis Association, Milwaukee, Wisconsin 
May 23, 1055 

Prepared | the writer at the request ol the bxeecutive Committee of the Conferences 
on Chemotherapy of Tuberculosis, Veterans Administration, Army, and Nav 

Chief, Medical Service, Veterans Administration Hospital, and Professor of Medicine 
Duke University Sehool of Medicine, Durham, North Carolina; member of the kxecutive 
Committee and Chairman of Committee on Plans, Veterans Administration, Arm and 
Navy Cooperative Stud 

The PAS dosage throughout this report is 12 gm. a day. ie. gm. of PAS equivalent 
in 1S gm. of sodium para aminosalieviate (NaPAS), administered 5 gm. three times dail 
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ied coneurrently. Preliminary reports of this investigation have been published 


26 
The mechanisms of construction of the study permitted, in addition to the 


inter-regimen comparisons, an evaluation of the variable of duration ot combined 


streptomiver PAS the rapy and of certain variables other than those directly in 


volved in the antimicrobial therapy 


MATERIALS AND METHODS 
preceding 
the 


from those 


lor constructing the tud have Leen outhned in detail u 


of cases have remaimmed 


howl 


Criteria for electro 


entiall 


report 
the previotusl untreated patients have been eparated 


present 
the had reeernved proor drug therap 


i ceptible 


even though the trams of tubercle tae! olated 


concentration er mi 


the itter were ifro to streptomyven 
(only the pautrent had reeerved no antituberculous chemotherapy betor dmission 


din the present report 
treptomyvern PAS regimens to the new! vimitted previous! 
trietly by random allocation by the 


this method 


td 
\ igttnent three 
ithe participating hospital 


intrented pratient 
ertbed (1 Phe following regimens were 


maigned 


herd preview 


dail plus 12 gm. of PAS daily 
daily, plus 12 gm. of PAS daal 
tuice weekl plu 12 gm. of PAS 


| gm 
PAS. «treptomyem, gm 


Dota 1.40 


four, enght 
The method of 


the duration of therapy was preseribed | protocel to be 


In all 
it the diseretion of the 


twelve emhteen on 


more months investigator 
random allocation (1) assigned 3 of 10 possible final digits of hospital register number 
und 4 digits to the third. Twelve months after therapy 
the three regimens were 


per cent 


each of the tiret two regimen 


mitirated. the number o 
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regimen 2; and 


per cent) on 
ifford a cheek on the tl oreotighine 


per cent) on regiment, 2 


total of S67 patient Dhese proport tots 


regitnetie 
the random allocator 

Che data forming the basi for the present report were collected from the forty eight pour 
in the fall of 1953, approximately one vear and a half after the last 
1952). This permitted longer tolls 
sho received prolonged therapy than had been possible 


wiblished inthe Transactions of the Thirteenth Con ‘ 


ri \« the result of the 
itment and of follow 
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TABLE 2 


STIENTS WITH PULMONARY 
Tunes Sreevromyvcin PAS Reoie 


oF P Tuserevcosis Treares 


BY Ranpom ALLOCATION 


Negro 
Sex male 
Age ye and older 
bar vanced 
Progressive pre therapy 
Hilateral dimens« 
Cavities 4+ em 
Prior collapse therapy or 
(itther factor i 


surger 

with out 
come of therapy 

Collapse or surge ifter start ol 
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Died. nontubereulou 


* SM treptomyecimn para aminosalieylie acid 


wae no significant difference among the three regimens with respect to percentages of di 
continuance of therapy for these several reasons 


f om paralility of Patients Treated on the Three Regimens 


In table 2 


ire the data for the 1491 patients to whom the three streptomyen PAS regi 


mens were assigned with respect to percentage on ene h regimen who possessed certain 
defining characteristics at the start of therapy 


With respect to stu h factor 
ge, extent of tuberculous disease 


isn race 

rend prior to initiation of ther apy number of lungs 
imvolved, cavitar tatus, and prior collapse therapy or surgery, there was no statistreall 
significant difference between any pair of regimens, The data in the table 
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therap 


ilso indicate 
therapy or surgery was employed after the 
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Again, there is no statisticall 


‘tart of 
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regimen 
kvaluation of Results 


For the period of this study, data 
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ind we ight shich had been emploved 


program | Data on strepto 
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of the three regimens have 
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Significant roentgenographie improvement, defined as moderate tat eal 
degrees of improvement, excluding slight improvement 
2 Reversal of infectiousnes conversion by eulture letermimed bactertologi 
eally by culture of sputum or gastric aspirate includes patients with negative 
findings both on culture and on microscopy and those negative by culture, with 
result« of examination of smear and sputum unknown. [f the sputum speennen 
were negative tor tuberele bacill on eulture imal promitive the 
patient remained in the “infeetious  categor 
including those patient W ertal roent 


Unfavorable roentgenographu change 
howed unfavorable change in the 


genogram tuberculous disease 
provement roentgenographic relapse is well as those whose 
without such prior improvement. These re 


orated roentgenographicall 


reported cumulativel by the life-table method (S 
4. Rate of cavity closure: disappearance trom view of tuberculous cavitte previous! 
present, | ll available roentgenographic technique including tomograpl 
shere pertinent uch rates were caleulated by the life table method OS 
As in the previous studi observations were made, tabulated, and analyzed at four 
eight. twelve, eighteen, and twenty-four month ifter the initiation of antimicrobial 
therap The ime criterion for statistical signifieance was employed: a probatalit 


level based on a 0.00 confidence coefhierent (1 


KESULTS 


Phe results of this study will be pre sented in three parts: & COmparison of the 
three streptomycin PAS regimens tor all patients admitted to the investigation 
a comparison of the three regimens according to various defining character 


tics, as subgroups of the total; and a comparison of the results of the antimicrobial 
therapy ol patients treated with streptomyen PAS, with respect to the on 
fluence of variables other than those directly related to the antimicrobial therapy 


(om parison of Three Streptomycin PAS Regimens 


The results of treatment for each of the three streptomycin PAS regimens are 
given in figures | to 4. The data are expressed in terms of percentages ol total 
cases observed at each in time on the abseissa for 
graphic improvement; for unfavorable roentgenographic change; for reversal of 
and for rates of cavity closure, cesper 


“significant” roent geno 


infectiousness (‘conversion by culture” 


In all four figures none of the differences among the regimens at any oly 


tively 
servation point is statistically significant 


(Comparison of Three Regimens According to Certain Characteristy 


analysis of data permitted ero 


The method of collection, tabulation 
of the 


tabulation of the results according to the following defining charactertstie 
patients: age (less or more than forty years); extent of disease (moderately ot 


far advanced: minimal cases too few (4 per cent 


avitary component (diameter of largest cavity 


for separate analysis by regi 
men); single or multiple ear 
ties); and duration of therapy 

In figure 5, it may be noted that, with respect to srgnificant 


improvement, there Was no statistically significant difference among the three 
\nalysis according 


regimens in either of the age groups, less or more than forty 


e deter 
it ie 
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of treatment end obser vetion montns 
a 2 


Legend 
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Lg SM bew + PAS 
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Frio. 1. Effeet of regimen (three streptomycin PAS regimens I. On significant roent 


genographic improvement In this and the following figures (ercept figures 10 li. and 1? 


the notation “Per Cent’ wae inadvertently omitted from the ordinate acale 


Duration of treatment and observation in months 
4 a 


Legend 
Rep? fe 9, SM d+PAas 
le SM bew + PAS 
om 


nod Regi a2 7 


Fria. 2. Effect of regimen (three streptomyein PAS regimen unfavorable roent 


genogr ch 


to the criteria of reversal of infectiousness (“conversion by culture” and un- 
favorable roentgenographie change showed a similar comparability of regimens 
in the two age groupes 

In figure 6, it os demonstrated that for either moderately advanced or far 
advanced cases there was no statistically significant difference among the three 
regimetis with respect to reversal of infectiousness (‘conversion by culture” 


The same comparability among regimens was present according to the criteria 


of significant roentgenographie and unfavorable roentgenographis 


change 

It is demonstrated in figure 7 that for all single cavitary cases regardless of 
size of cavity, there was no significant difference among the regimens with respect 
to unfavorable roentgenographic change. In figure S it may be noted that for 
single cavitary cases with the largest cavity of medium size (2.5 to 3.5 em. in 
diameter) there was no significant difference ace ording to reversal of infectious 
ness. In figure 9, for all cavitary cases (excluding those with no cavity demon 
strable on roentgenographic observation), no significant difference is shown 


among the regimens for cavity closure rates 
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closure in all eavitary eases (life table method 


The comparisons among the three streptomycin PAS regimens shown in the 
last five figures represent but a part of the total comparisons possible, according 
to various observations of results and defining characteristics. As is shown in 
table 3, comparisons have been made according to 48 combinations of observa 
tions and defining characteristics, at a total of 164 points in time. Thus, testing 
for inier-regimen differences of significance has been possible on 492 occasions, 
counting each inter-regimen comparison at each point in time for each eriterion 
Of these 492 comparisons, only one shows a statistically significant difference and 
that was of minor importance. For single cavity cases 2.5 to 3.5 em. in diameter, 
those treated with | gm. of streptomycin plus 12 gm. of PAS daily had barely 
significantly more unfavorable roentgenographic change than those treated on 
the regimen of 0.5 gm. of streptomycin plus 12 gm. of PAS daily af the four-month 
observation point only, but not at other pots in time. This detailed type of 
analysis permits the interpretation that the three streptomycin PAS regimens 
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are therapeutically equivalent, according to the criteria employed, not only for 


all types of patients admitted to the study, but in all subgroups tested 
Comparisons of etheacy according to varying durations of antimicrobial 
therapy have been implied in the above observations These have not been pre 
sented separately by regimen As indicated in table 3, no statistically significant 
difference among the regimens could be detected for the treatment groups of di 
ferent duration (four, eight, twelve, and eighteen months of therapy). Analysis 


of the effect of duration of antimicrobial therapy per se will be made below. 


Effect of Variables Other than Those of Antimu robial Therapy 


The results of treatment with all three streptomyein-PAS regimens were 
added together and analy zed according to extent of disease, cavitary component, 
and duration of antimicrobial therapy. The procedure of combining the results 
for the three separate regimens has been justified by the detailed analysis al 
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TABLE 3 


or Taree Reoimens 1951-1952 Srupy 
Accornpine TO Vanious Factors 


Regimen 1-1 Gm. of Streptomycin per Day plus 12 Gm. of PAS per Day 
Regimen 20.5 Gm. of Streptomycin per Day plus 12 Gm of PAS per Day 
Regimen 3-1 Gm. of Streptomycin Twice Weekly plus 12 Gm. of PAS per Day 


Observatior 


Duration of Chemotherapy 
{ months of treatment 
S months of treatment 
12 months of treatment 
IS months of treatment 

\ue 
Lewes than 40 
More than 40 

bixtent of Thi 
Moderately advanced 
Far advanced 

Cavitary Component 
No visible cavity 
Single cavity 0.5 2.0 em 
Single cavity 2.53.5 em 
Single cavity 4.0 em. and more 


Multiple cavities 


No significant difference between regimens 
+ A significant difference between regimens 
* Regimen | exhibited barely significantly more unfavorable roentgenographic change 


than regimen 2 (not than regimen 4) at tf months, but not at other points mm time 


ready presented and, further, by testing each of these comparisons for each of 


the three streptomycin PAS regimens separately. In no instance did the sub 
analysis by individual regimen differ in result from that for the three regimens 
combined 

Effect of extent of disease at start of therapy In figures 10 to 12 the results 
are given tor the three streptomycin PAS regimens collectively with respect 
to significant roentgenographie improvement, unfavorable roentgenographic 
change, and reversal of infectiousness, respectively, lor patients with minimal, 
moderately advanced, and far advanced disease at the start of antimicrobial 
therapy In all three mstaneces bar advanced disease had the least favorable out 
come; however, with respect to significant roentgenographic improvement the 
results were not significantly different in moderately advanced and in far ad 
vanced disease (figure 10). According to the other eriteria (figures 11 and 12), 


however, unfavorable roentgenographic change and reversal of infectiousness, 
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favorable roentgenographic change 


the results in far advanced disease were highly significantly less favorable than 
those for moderately advanced disease 

With respect to reversal of infectiousness (figure 12), the most objective of 
these criteria, it was noted that the minimal lesions improved most rapidly at 
first but that the rate of improvement of moderately advanced lesions approached 
that of minimal eases eighteen months after the start of therapy 

Effect of cavitary component: The results are presented in figures 13 to 16. In 
figure 13, for significant roentgenographic improvement, it will be noted that pa- 
tients with no detectable cavities exhibited the lowest rate of improvement, 
those with multiple cavities the next lowest, and those with single cavities the 
most, the single cavitary cases with the largest diameter exhibiting the highest 
rates of improvement The findings suggest that decrease in the size of cavities, 
particularly of the larger ones, is prominent in the interpretation of significant 


roentgeenographic improvement, 
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In figures 14 and 15 (unfavorable roentgenographic change and reversal of 
infectiousness, respectively it is observed that patients with no detectable 
cavities and those with single cavities 0.5 to 2.0 em. in diameter had approxi 
mately equal results at all observation points and better results than patient 
with more extensive cavitary disease, For reversal of infectiousness, patients 
with single cavities 2.5 to 3.5 em. in diameter had rates approximating those 
with lesser cavitary components by eight months after the initiation of therapy 
a finding which is consistent with that reported for patients with moderately ad 
vanced diseuse 

In figure 16 may be seen a clear-cut relationship between both size of cavitary 
component in single-cavity cases and multiplicity of cavities and rates of cavity 
closure by roentge nographiue observation. The best results were observed un the 
smaller single cavitary eases. Thus, the majority of the evidence is to the effect 
that both the larger single cavity cases and cases of rmitiltiple cavities have less 


satisfactory results, as judged by the criteria employed 
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he fhe at of Duration of The rapy 


The effect of courses of streptomycin-PAS of varied duration was not in 
vestigated on the basis of allocation of regimens of different duration in a random 
fashion. In comparing the effects of treatment for varying lengths of time, there 
fore, it is necessary to establish the relative composition of the different duration 
of treatment groups with respect to as many defining characteristics as possible 

In table 4 the percentage distribution is given for seven characteristics of pa 
tients treated for periods from four to twenty-four months, varying in number 
from 501 to 44. The table is divided into characteristics which have previously 
been extablished (9) as having no clear association with the course of therapy 
(such as race and age), those having a favorable effect on the course of therapy 
(such as disease progressive in the pretreatment period), and those associated 
with relatively unfavorable progression of the disease (in general the variables 


of more advanced disease ) 


In general, it may he seen in table 4 that the distribution of such defining char 


acteristies is not significantly different for the different therapy-duration groups 
with respect to those characteristies which have little association with outcome 
(race, age, and pretreatment collapse therapy or surgery). The composition of 


the therapy-duration groups with respect to the characteristic of pretreatment 


TABLE 4 
Compantison or Dertninc Cuanacrenstics or Patients Treateo 
Srnerromycin PAS ror Dirrerent Durations or Tie 


Duration of Chemotherapy in 


Treatment 
(sroupes 


ignifwant 
Number of patient ‘ 2 


haracteristics not clearly asso 
ciated with outeome = of 
therapy 
Race: white 
Age: more than 40 years 
Collapse therapy or surgery 
before start ot chemo 
the rap) 
‘haracteristics associated with 
favorable course 
Pretreatment trend 
progressive disease 
stationary disease 
‘haracteristics associated with 
unfavorable course 
Stage: far advanced 75° Yes 
Bilateral disease 73 sO Yes 
Multiple cavities : Yes 


* Difference in per cent from four month treatment group statistically significant 
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trend of disease (progressive or stationary) is remarkably constant (except for 
the small twenty-four-month-treatment group). Only with respect to those 
characteristics clearly associated with a less favorable outcome (extent of disease, 
bilaterality, and multiplicity of cavities), are there statistically significant dif- 
ferences. The trend in all three instances is clearly in the direction of longer 
duration of therapy for patients having more unfavorable ¢ haracteristics. There 
appears to be good e idence, therefore, that those patients treated by the choice 
of the investigator for the longer periods had more unfavorable disease and poorer 
prognosis at the outset than those treated by choice for the shorter periods 

In figures 17 to 19 may be noted the results of streptomycin PAS therapy of 
different durations according to the three criteria, significant roentgenographic 
improvement, unfavorable roentgenographi change, and reversal of infectious 
ness, respectively. All three figures are similarly constructed, with solid lines 
representing the longest durations of continuous original therapy and broken 
lines branching off after discontinuation at various intervals but with observa 
tion of results maintained after such discontinuance of therapy 

Che differences observed between those patrents who received only four months 
of therapy and those who received eight months of the rapy, and between those 
who received eight and twelve months of therapy are in all instances statistically 
significant bor unfavorable roentgenographir change and for reversal of infes 
tiousness (figures 18, 19), the differences between groups treated for twelve 
months and for longer periods are not statistically significant. There is evidence, 
therefore, that patients treated for longer duration, at least for twelve months 
(and possibly for eighteen or twenty-four months), in spite of having charac 


teristics associated with more unfavorable prognosis, have results which are 


superior to those with more favorable defining characteristics but who received 


treatment for only four to eight months 
DISCUSSION 


In the present study, in which the relative efleetiveness of three streptomycin 
PAS regimens ts compared, the tec hniques of the « ooperative investigation have 
been refined as « ompared with those of earlier periods Data have been collected 
from participating hospitals for a unmilorm period when there Wits random alloca 
tion of patients to regimens for all hospitals for the entire period, 1.e., treatment 
initiated between February, 1951, and January, 1952. Withdrawals have been 
uniformly distributed among the three regimens, and duration of observation of 
the three groups has been similarly uniform. These refinements in suc h coopera 
tive investigations have led to a high degree ol comparability of the treatment 
groups, as reflected by the data presented in table 2 and by the percentages of 
patients to whom the regimens have been assigned The precision of the 
evaluation has been further increased by the exclusion of patients who received 
any prior antimicrobial therapy, even though in vitro tests indicated that then 
tubercle bacilli continued to be drug-susceptible. Conditions for a mgorous test 
of the regimens themselves, as the sole variable, thus appear to have been met 


Against this ba kground of comparability of the three treatment groups, the 
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comparisons of results for the patients treated on the three streptomyemn-PAS 
regimens may be ac cepted with considerable confidence. ‘1 he interpretation can 
be made that, judged by the criteria employed— significant roentgenographie 
improvement, unfavorable roentgenographi change, reversal of 
(“conversion by culture’), and cavity closure—the three regimens (1 gm. a 
day of streptomycin, 0.5 gm. a day, or | gm. twice a week, with 12 gm. of PAS 
a day in each instance) are all equally efficacious. Moreover, tollow-up observa 

tions of these patients in an appreciable percentage for two years indicate equiva 

lent mortality experience. It is possible, however, that employment ot other 
criteria could modify these interpretations. For example, it has been suggested 
that, with respect to the culturability of tubercle bacilli from resected lesions, 
the organisms are less readily cultured when streptomycin has been administered 
to the patient daily rather than twice a week, with daily PAS in each imstance 
(10). In the final analysis, a long-term follow-up of these patients probably wall 
provide the best answer. Nevertheless, with follow-up observations for a two 
year period in an appreciable number, there is no indication that the “unter 

mittent” streptomycin PAS regimen leads to results inferior to those obtained 
when the streptomycin is administered daily. 

The detailed analysis comparing the three regimens by subgroups represents 
an attempt to ascertain whether the inclusion of certain more favorable cases of 
pulmonary tuberculosis (those less advanced, those with smaller cavitary com 
ponents, et cetera) have concealed actual differences between regiments which 
might be apparent in less favorable cases. In effect, the analysis was designed to 
answer such a question as: “Granting that the three regimens have about the 
same effectiveness for all types of pulmonary tuberculosis, might it not be that 
for some kinds, perhaps the most advanced or the most cavernous, one of the 
regimens for example, that combining | gm. of streptomycin and 12 gm. of PAS 
daily, for twelve or more months —is the best 7”’ The analysis has shown, however, 
that, within the limits of the variables investigated, it cannot be stated that any 
one of the three regimens is therapeutically superior to either of the others, even 
for the most extensive disease. It is striking that, of the 492 comparisons listed 


in table 3, only one (O.2 per cent) is statistically significant, and this of itsell 
could oceur by « hanes 

That portion ol this re port concerned with variables other than those of anti 
microbial therapy obviously compares noncomparable Zroupes ol patients for 
random allocation was not involved as it was in the other two parts of the study 
The results concerning the effect of the extent of disease and its cavitary compo 
nent may be regarded, therefore, as reporting more or less “standard results’’ 
ol therapy in patients who received their first course of antimicrobial therapy ; 
and such results have a certain usefulness in the evaluation of certain treatment 
groups. 

There is an interesting mconsistency between the results according to the 
criterion “significant”? roentgenographic improvement, with respect either to 


stage of disease (figure 10) or cavitary component (figure 13) and the results ac- 


cording to the criteria reversal of infectiousness (figures 12 and 15) and cavity 
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closure rate (figure 16). According to the latter criteria, which are more objec 
tive than interpretation of roentgenographic change, the results are consistent 
with common clinical experience in that the more extensive the type of disease, 
either according to the National Tuberculosis Association classification of extent 
or to size of cavitary component, the poorer the result. With respect to the 
criterion significant roentgenographic improvement, however, there appears 
to be a reverse relationship: minimal disease improves less than moderately or 
far advanced disease (figure 10) and smaller cavitary cases improve less than 
larger cavitary cases (figure 13) 

These observations suggest, not only that decrease in diameter of the larger 
cavities during effective antimicrobial therapy plays an important role in the 
interpretation of significant, i.e. moderate plus marked, roentgenographic im- 


provement, but also that this criterion is less discriminatory in the evaluation of 


the effectiveness of drug regimens employed for long periods in the treatment of 
pulmonary tuberculosis. Thus, just as such clinical signs as temperature change, 
weight change, and change in general condition have been found to be of rela 
tively little prognostic significance with effective prolonged antimicrobial ther 
apy, so it may be that measures of improvement involving roentgenographic 
change may be of less significance after the first few weeks or months than such 
other measures as reversal of infectiousness, closure of cavities, relapse, and, 
ultimately, survival 

The portion of the present study concerned with the effect of duration of 
therapy upon outcome constitutes an attempt to compare treatment groups with 
differing durations of therapy when that duration has not been assigned by ran 
dom allocation. Results have not yet been reported for any study of the duration 
of antimicrobial therapy employing random allocation of duration, except for 
that between durations of three and four months (1). A limited exploration of this 
question has been outlined by the Veterans Administration, Army, and Navy 
on @ pilot-study basis (11), but the results are not yet available 

In the absence of random allocation, it is altogether likely that the different 
duration groups will differ in their constitution, and evidence to this effect has 
been presented. Somewhat fortuitously, inasmuch as duration of therapy was 
left to the determination of the individual investigator, evidence exists that 
those patients treated for the longer durations possessed characteristics more un 
favorable to the outcome of their therapy than did those treated for shorter 
durations. Thus, if those patients treated for longer periods, in spite of more un 
favorable characteristics, have results superior to those treated for shorter 
periods with more favorable characteristics, the interpretation may be made 
that antimicrobial therapy of such longer duration is in effect superior to that of 
shorter duration. This interpretation appears to be justified from the data herein 
presented, 

The number of patients treated for more than twelve months is not sufficiently 
large to ensure the reliability of the difference in effectiveness between twelve, 
eighteen, and twenty-four months of therapy, but there is a suggestion that 
eighteen months of therapy approximate the optimal period. It may be further 
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noted that even this type of comparison of efficacy of differing durations of 
therapy is possible only when there are sufficiently large groups for each dura 
tion period. It is probable that, with the generally increasing duration of therapy 
for all patients with active pulmonary tuberculosis, the opportunity present in 
this 1951-1952 study, which represents a transition between the practices of 
relatively short and relatively long periods of therapy, will not again be available 

Comparison of the results of these investigations with those of other coopera 
tive groups is not possible, as neither the Public Health Service in the United 
States nor the Medical Research Council trials in Great Britain has extensively 
investigated the comparative efficacy of daily streptomycin and daily PAS and 
twice-a-week streptomycin and daily PAS. The Public Health Service has em 
ployed the latter regimen in comparison with other regimens, especially since 
the introduction of isoniazid. In the Medical Research Council trials in Great 
Britain this regimen has been studied only as a continuation regimen, when 
clinicians have elected to reduce the dosage of streptomycin after an initial 
period of therapy with daily streptomycin and daily PAS. A recent report of the 
Medical Research Council trials has compared twice weekly streptomycin and 
daily isoniazid with daily streptomycin and daily isoniazid, and has indicated 
that the “intermittent” streptomycin dosage is less effective than the daily 
streptomycin regimen in preventing the emergence of drug-resistant strains of 
tubercle bacilli (12). This relationship between “intermittent” and daily strepto 
mycin when administered with isoniazid, however, need not necessarily apply 
when streptomycin is administered with PAS 

Data have not been presented in the present report on drug resistance, but 
preliminary analysis of these data (13) does not indicate that the rates of emer 
gence of streptomycin resistance differ significantly among the three strepto 
myein-PAS regimens. Data on drug resistance will be reported more fully at a 
later date. 


SUMMARY 


\ controlled investigation has been conducted by cooperating hospitals in 
the Veterans Administration, Army, and Navy, of the relative efheacy of three 
streptomycin-PAS regimens, employing, respectively, | gm. of streptomycin 
daily, 0.5 gm. daily, and | gm. twice a week, with 12 gm. of PAS daily in each 
instance. The regimens were assigned by random allocation to 1491 patients 
with bacteriologically proved pulmonary tuberculosis who had not received priot 
antituberculous chemotherapy, and the three treatment groups were found to 
be entirely comparable 

No significant differences im results of treatment on the three regimens were 
found with respect to roentgenographic linprovement of moderate and marked 
degree; to unfavorable roentgenographic change; to reversal of infectiousness 
“conversion” to negative by culture of sputum or gastric aspirates); or to cavity 
closure rates. This was true, not only for the entire group of 1491 patients, but 


also for all subgroups analyzed according to such characteristies as duration of 


therapy, extent of disease, and size and number of tuberculous cavities 
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Combining the results for the three separate streptomycin-PAS regimens, in 
view of the comparability of their results, it was found that there was a definite 
relationship between extent of the pulmonary tuberculous disease, as measured 
either by the National Tuberculosis Association classification, or by number and 
size of tuberculous cavities, and the outcome As judged by reversal of infee 
tiousness, unfavorable roentgenographic change, and cavity closure rates, the 
more extensive the disease the less favorable was the outcome. Judged by the 
criterion of both moderate and marked roentgenographic improvement, however, 
a reverse relationship was noted, with more improvement among those patients 
with more advanced disease. It has been suggested that this is related to the fact 
that rapid closing of the larger cavities has an unduly high influence in the inter- 


pretation of such significant roentgenographic improvement, and, therefore, this 


criterion is of less prognostic and discriminatory significance 

It has proved to be possible by suitable statistical techniques to compare the 
efficacy of periods of streptomycin-PAS therapy of vaned durations even 
though this variable was not assigned to patients by random allocation. Evi- 
dence is presented that streptomycin-PAS therapy for a duration of at least 
twelve months is clearly superior to therapy of eight or four months’ duration 
and that therapy of eighteen to twenty-four months is slightly, if not signifi 


cantly, superior to that of twelve months’ duration 


SUMARIO 


Comparativa Eficacia de Regimenesa Prolongados de Estreptomicina y Acido Para 
tminosalicilico en el Tratamiento de la Tuberculoma Pulmonar en Enfe rmos que 
Recthieron ntonce su Primera Serve de Farmacolte rapia Ri seha de la I nvestiga- 
cién Cooperativa Llevada a Cabo por la Adminiatracién de Veteranos, el Ejército 


y la Armada, de febrero, 1951, a enero, 1962 


Una investigacion fisealizada ha sido llevada a cabo en cooperne ién por hospitales de la 
Administracién de Veteranos, del Ejéreito y de la Armada con respecto a la relativa eficacia 
de tres regimenes de estreptomicina y deido para aminos slicilico (PAS), en queseemplearon 
respectivamente, | gm. diario de estreptomicina, 0 5 gm. diarios y | gm. dos veces semanales, 
con 12 gm. diarios de PAS en cada caso. Los regimenes se asignaron al azar entre 1491 
enfermos que padecian de tuberculosis pulmonar comprobada bacteriolédgicamente y que 
no habian recibido antes terapéutica antimicrobiana antituberculosa, y los tres grupos de 
terapéutica resultaron ser absolutamente comparables 

No «e descubrieron mayores diferencias en los resultados del tratamiento con los tres 
regimenes en cuanto a: mejoria radiografica de orden moder notable; alteraciones 
radiograficas desfavorables; inversion de la infeeciosidad viraje’’ a negatividad en los 
cultivos del esputo o de los slows gastric os). o de « lausura de cavernas fué 
un hecho, no sélo para todo el grupo de 1491 enferomos, sino t imbién para todos los sub 
grupos analizados con respeeto a caracteristicas tales como duracion de la terapéutica 
extension de la enfermedad y tamafho y ndmero de cavernas tuberculosas 

Combinando los resultados para los tres distintos regimenes de estreptomicina-PAS 
vista la comparabilidad de aquéllos, observése que existia una relacién bien definida entre 
la extensién de la afeccién tuberculosa del pulmén, apreciada ya de acuerdo con la clasi 
fieacién de la Asociacién Nacional contra la Tuberculosis de los kk. U. A. o por el ndmero y 
el tamafio de las eavernas tuberculosas, y por el resultado. Juzgando por el “‘viraje de los 
cultivos’’. la alteracién radiogrdfies desfavorable y los indices de crerre de cavernas, mien 


tras més extensa era la dolencia, menos favorable era el resultado, Sin embargo, juzgando 
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por la pauta de mejoria radiograéfica moderada y notable, se noto une relacion inversa, Con 


mayor mejoria entre los entermos que padec ian de afeecién més avanzada. Se ha suge ride 
que esto se enlaza con el hecho de que el rapido cerre de las cavernas mas gt sndes ejyerce 
un efecto exagerado en la interpretacion de una mejoriat whogrifica tan “importante \ 
por lo tanto, esa pauta posee menos importancia di agnostica y diferenciadora 

Ha resultado posible comparar, con Una tecnica estadistica adecuada, la eheacia de 
periodos de duracién variable de terapéutica antimicrobiana combinada con estrepto 
micina y PAS, a pesar de no haberse asignado esa variable a los enfermos por distrbucion 
il azar. Preséntanse pruebas de que esa terapéutica combinada aphicada a lo menos doce 
meses es netamente superior a la terapéutica de ocho o de cuatro meses de duracion de que 
la terapéutica de dieciocho a veinticuatro meses es ligera, sino significativamente, superior 


i la de doce meses de duracion 


KESUME 


Eflicacite com parce de tro cures de durée prolonqee avec la streptomycine et acide para 
aminosalicylique dans le traitement de la tube ilose pulmonaire chez des patients soumis 
pour la premicre fois a ces age nia the ape tun compte endu de Uinveat 
gation cooperative de Administration dea Vilérans et Marine, de Be 


1951 a Janmer 1962 


Une investigation contrélée a été effeetuée avec le concours de divers hdpitaux de l’Ad 
ministration des Vétérans, Armée et Marine, sur l’effieacité relative de trois cures par la 
streptomycine associée A lacide para-aminosalieylique PAS) en utilisant, respectivement 
1 g de streptomycine par jour, 0,5 g par jour et 1 g deux fois par jour plus 12 ¢ de PAS par 
jour dans ¢ haque ¢ is. Les cures ont été assignées au hasard parti 1491 patients présentant 
une tubereulose pulmonaire confirmée bactériologiquement et noayant pas eneore 
traités par les antibactériens antitubereuleux; les trois groupes ont été trouve thsclument 
comparables 

Il n’a été observé aucune différence significative entre les trois tramtlements en ee qui 
coneerne Vamélioration de degré moyen ou marqué; les modifications défavoralile du 


radiogramme; le renversement de l'infectiosité (la “conversion ‘des cultures de crachat 


et de tubage gastrique qui deviennent négatives); ou les taux doblitération des cavernes 
Ceci était vrai, non seulement pour la totalité des 1491 m ilacle Mais pour totus 
ZrouUpes inalyeés ad ipres certaines cal weteristique tell «jue la durée de la cure 
l’étendue de l’affection et les dimensions et le nombre des excavation tuberculetse 

| n combinant les résultat des trom cure streptom cine PAS epares en vue de la 
comparabilité de leurs résultat il est apparu qu'il existait une re lation définie entre 
I'étendue des lésions tuberculeuses du poumon, évaluée par la classifeation «de National 
Tuberculosis association ou par les dimensions et le nombre des excavations tuberculeuse 
et par lissue de l’affection. ken se fondant sur la “conversion” détermineée par la eulture 
les changements radiologiques déftavoratiles et le taux d'oblitération des cayverne on 
estimeé que plus les lésions étarent étendues moins le pronostie était favoralte Toutefoi 
en se fondant sur amélioration moyenne ou marquée des radiogrammes, on a obeerve un 
rapport inverse il ivait plus d’amélioration parm les patients dont iffection était plu 
ivancée. Il est suggéré que ceci s'’aceorde avee le fait que Dobliteratior rapide des excava 
tions plus grandes influencait exagérément linterprétation de Dameéloration radtotogique 

ignificative’’, ce qui diminue la valeur de ce enteére pour le pronostic et la discrimination 

Il a été demontré que Vemploi d'une technique statistique approprice permettait 
comparer Lefieacité de différentes périodes de traitement antibacténer combing com 
portant ia streptomycine et te PAS, nen jue cette variable n'ait pas a igner au pa 
tients dans la répartition au hasard. Le rapport la preuve que ce tramttement combine 
rdministré pendant un minimum de douze mois est nettement supérieur a la cure de huit ou 
le quatre moset quiuntr sitement de dix a ingt quatre mow est legerement 


ignifieativement ipereur a une periods de traitement de douze tor 
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INTRODUCTION 


Previous reports of the cooperative investigation of the effects of drug regi 
mens in the treatment of pulmonary tuberculosis by the group of cooperating 


hospitals in the Veterans Administration, Army, and Navy have outlined the 


methodology of the study and summarized the results for the years 1946-1951, 


before prolonged multiple-drug therapy was being intensively investigated 


(1, 2). Evidence was presented in these reports that three prolonged streptomy 


cin and para-aminosalicylic acid (PAS) regimens were therapeutically equiy 


alent. The regimens consisted of | gm. of streptomycin a day, 0.5 gm. of strepto 


mycin a day, and | gm. of streptomycin twice a week, along with 12 gm. of PAS 


daily in each instance. The period during which these three streptomycin-PAS 
regimens were studied was from 1951 to 1952 (3). At the Eleventh Conference 


on the Chemotherapy of Tuberculosis in January, 1952, investigation of the 


three streptomyein-PAS regimens was discontinued and, in February, 1952, a 


study of isoniazid was commenced. The calendar for the introduction of the 


different drug regimens for the study in 1952 is presented in table | 


The investigation of the comparative efficacy of isoniazid in 1952 fell into the 


following segments: 


February-May: A comparison of 150 mg. of isoniazid a day with a streptomycin 


PAS regimen of | gm. of streptomycin twice weekly and 12 gm. of PAS daily 


Early May to late June: A comparison of the two regimens noted above as well as a 


third, 


consisting of 300 mg. of isoniazid a day 


Portions of this report were presented to the Fourteenth Conference on the Chemo 


therapy of Tuberculosis, Atlanta, Georgia, February 7 10, 1955; and at the Medical Session 


is part of Section 1A it the annual meeting of the National Tuberculosis Association, 
Milwaukee, Wiseonsin, May 23, 1955 


? Prepared by the writers at the request of the b.xeecutive Committee of the Conference 


on Chemotherapy of Tuberculosis of the Veterans Administration, Arm md Navy 


‘Chief Medical Service Veteran Addministration Hospit il, and Professor of Medicine 


Duke University Sehool of Medicine, Durham, North Carolina; member of Lxecutive 


Committee and Chairman of Committee on Plans, Veterans Administration, Army, Nav 


Cooper ative Stud 


Statistician, Report und Statistics Service, Veterans Administration, Washing 


ton, 1). 
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Late June to mid-August: A comparison of the three regimens noted immediatel 
above in addition to a fourth, consisting of 300 mg. of isoniazid a day with | gm 
of streptomycin twice weekly 

Vid-August and subsequently: A comparison of the following three regimens 


Isoniazid streptomycin 300 mg. of isoniazid per day plus | gm. of streptomyemn 
twice week! 

Isoniazid -PAS 300 mg. of isoniazid per day plus 12 gm. of PAS daily 

Streptomycin PAS 1 gm. of streptomycin twice weekly and 12 gm. of PAS dail 


Preliminary reports of the first three of these periods in 1952 have been mace 
(4,5). It was reported that, with relatively short-term follow-up, isoniazid alone, 


either in doses of 150 mg. or 300 mg. a day, was approximately as effective as 


TABLE 1 


CaLcenpar or Reaimens INvesticaren in 1952 


Regimen* February Ma June August 
SM-PAS x x x 
INH alone, 150 mg. per day x x x 
INH alone, 300 mg. per day x x 
INH-SM x 
INH-PAS x 
*SM streptomycin (1 gm. twice a week); PAS para aminosalieylic acid (12 gm 


per day); INH = isoniazid (300 mg. per day except for the regimen indicated of INH alone 
1h) mg. per day 


the twice-weekly-streptomyecin daily PAS regimen, except for a slightly higher 
relapse rate with isoniazid alone. It was further reported that either of the two 
drug combinations containing isoniazid (isoniazid-streptomyecmn or isoniazid 
PAS) had approximately the same efficacy as the streptomycin-PAS regimen 
(5) 

The present report will not concern itself further with the preliminary perod 
of the isoniazid investigation, i.e., until August, 1952, but will consist of a presen 
tation of the results of the last of the four periods listed above, during which 


three two drug regimens have deen compared concurrently 


METHODS AND MATERIALS 


The principal eriterion for selection of patients for admission to the study consisted of 
bacteriologie confirmation of the diagnosis of tuberculosis. Other in effect in earher 
periods of the stud 2,3), of a pretreatment observation period to establish the trend of 
the disease and of a predominantly exudative component, were no longer io effect. Patrent 
with prior antimicrobial therapy were admitted to the study, but for the purposes of thi 
report only those without any prior therapy or, in the presence of such therapy, only thone 


with tuberele bacill est iblixshed in mtro to be susceptible to an of the drugs emplo ‘ 
ire included in this report 
Assignment of patients to the regimens under investigation was by the method of random 


illoeation previously desernbed Certain register number final digits (three in all 
were selected to apply to the isoniazid streptomycin regimen, three to the isoniazid-PAS 


regimen, and four to the streptomycin PAS regimen 


| 
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The cases of patients whore therapy was begun between August 15, 1952, when random 
slloeation on these three regimens was comment ed. and early 1954 are included in this 
report. Data on their progress were collected in the fall of 1954, providing a maximum 
eighteen-month observation period Ax in the preceding report (3 results have been 
tabulated only on those previously untreated patients who received at least four months 
of antimicrobial therapy in the study 

Reversal of infectiousness, as defined for this study, means that the sputum Was neg ative 
for acid-fast bacilli on microscopy and that sputum or gastric aspirates were neg ative for 
tubercle bacilli in three successive cultures obtained at a minimal interval of one month 

Other eriteria employed in evaluating results. significant roentgenographic improveme nt 
unfavorable roentgenographi change, and carity closure have been defined in the previous 
report (3). The identical eritenion for statistical significance previously employed has 


been used, that of a 0.02 prob ability level based on a 0.90 ¢ onfidence coefficient 


Status of FollowsU p Observations 


In table 2 may be seen the status of follow-up of the 2,187 previously un 
treated patients who received at least four months of antimicrobial therapy im 
the study. The status is presented at eight, twelve, and eighteen months after 
the start of therapy in terms of the percentage under observation of those 
potentially under observation if all those who had received four months of thet 
apy had been observed to the time of reporting. Expressed in such terms, the 
percentages under observation were 84, 59, and 37, at eight, twelve, and eighteen 


TABLE 2 
Srarus oF FoLLow-UP OBSERVATIONS OF PATIENTS 
At Observation After Start of Therapy 
& months 12 months 18 month 


Number of patients potentially under observatior - 1,881 


Under observation reported? 
Reporting terminated because of 
Change in regimen 
Drug toxicity 
Drug resistance 
decision (not toxieity or re 
sistance 
Death tuberculous 
Death, nontubere ulous 
Irregular discharge 
Sub-total 
Patient discharged after course com 
pleted 
No follow-up report submitted 


Other miscellaneous reasons 


Potal 


* See text for explanation 
t Hospitalized and nonhospitalized 


t Less than 0.5 per cent 
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TABLE 3 
Duration oF ANTIMICROBIAL THERAPY 


Three Two-Drug Regimens) 


Duration of Observatior 
Duration of Antimicrobial Therapy 

month 12 month 

Number of patients* 1654 
Patients OF 

4 months 0.5 t 
S months 5 
12 months 7 
1S months 7s 


* Number observed reported im this table greater than in table 2 because of technical 
reasons in compiling data 
t Less than 0.5 per cent 


months, respectively. As the table indicates, the largest losses from: observation 
fell in the categories of irregular discharge (3, 12, and 18 per cent at the three 
observation points and “no follow-up report submitted” (9, 15, and LS per cent, 
respectively). A report that therapy was terminated for the following reasons 
did not necessarily mean actual loss of the patient to observation because of the 
technical requirement that these reasons constituted a termination of observa 
tion for the original course of antimicrolnal therapy: change of regimen because of 
toxicity, drug resistance, or clinical decision; death; and “other miscellaneous 
reasons.” In addition, many irregularly discharged patients returned to ob 
servation status 

In actuality, therefore, the losses from observation approximated 12, 20, and 
30 per cent, at eight, twelve, and eighteen months, respectively, There was no 
significant difference in the three regimens with respect to percentage loss tor 
any particular reason 

In table 3 are indicated the number and percentage of patients who have been 
observed for eight, twelve, and eighteen months. Of those observed for eight 
months, 99.5 per cent received at least eight months of therapy - of those ob 
served for twelve months, 05 per cent; and, of those obsers ed for eighteen months 
78 per cent received continuous antimicrobial therapy for eighteen months 
There was no statistically significant difference in duration of therapy among 


the patients assigned to the three regimens. 


Inter-Group Comparalnlity 


The percentages of the patients assigned to the three regimens under invests 
gation who possessed certain defining characteristics are reported in table 4 
With respect to no characteristic listed is there a statistically significant dif 
ference between any of the paired regimen comparisons. This indicates the high 
degree of comparability of the clinical material assigned to the three regimens 


resulting from the random allocation 


ive 
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TABLE 4 
oF Patients wirn Tosercucosis Treatrep 


Turee Two Draua Recimens sy Ranpom ALLocATION 


Regimens* 
Defining Characteristics at Start of Therapy 


INH 5M 


Number of Patient 


Race: Negro 

Sex: male 

Age: 40 years and older 
Far advanced disease 
Progressive pre treatment 
Bilateral disease 

Multiple 

Cavities 44 em 


Prior collapse therapy or surget 


"INH isoniazid (300 mg. per day 
SM streptomycin (1 gm. twice weekly 


PAS « para-aminosalieylic acid (12 gin per day 


KESULTS 


In table 5 are given the results with respect to significant roenlgenographic 
improvement for each of the three regumens and for all of the three added to- 
gether after four, eight, and twelve months of observation. The data are like 
wise presented with separate groupings for patients with minimal, moderately 
advanced, and far advanced disease, and for lesions of all stages grouped together 
In none of the inter-regimen comparisons included in the table is there a statis 
tically significant difference in the percentage of significant roentgenographic 
improvement at any observation point for any stage of the disease or for the 
totals 

The data with respect to both unfavorable roentgenographic change and bac 
teriologic relapse for each of the three regimens, cumulatively (by the life-table 
procedure , up to twelve months after the start of antimicrobial therapy are 
summarized in table 6. In no instance is there a statistically significant dif 
ference between regimens, although it will be noted that both rates are slightly 
higher (unfavorable) for the patients treated on the streptomycin-PAS regimen 

In figure | are given the data on the reversal of infectiousness (‘‘conversion 
by culture’) for all patients treated on each of the three regimens, expressed in 


per cent of total cases observed (numbers given at the bottom of the figure 


in which reversal of infectiousness had occurred at four, eight, twelve, and 
eighteen months after the start of therapy. Asterisks in the figure indicate that 
the reversal rates for the patients treated with streptomycin-PAS were signifi 
cantly lower than for those treated with either isoniazid-streptomycin or iso 
niazid-PAS eight months after the start of therapy. The streptomycin-PAS 
reversal rates were also significantly lower than for those treated with isoniazid 
PAS twelve months after the start of therapy 


70 
4 ON 
a Totals for All 
MPA 
Per Cent 
15 16 Is 16 
is 4 0 17 
72 74 71 72 
71 69 0 
13 M4 16 14 
7 0 4 
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rABLE 5 
IMPROVEMENT AMONG “ORIGINAL 
Treatment Parients Treareo wirn Tourer Two-DruG Recimen 
BY Ranpom ALLOCATION 
(ibeervation After Start Thee 
M M M } 
Regin and Stage of Disea 
Vinimal 
INH PAS 7 23 
SM PAS 75 23 h2 Is 
All 3 regimens ISS 130 
Voderately advanced 
INH SM wil 216 107 72 
INH-PAS 276 i 1a) te 
Far advanced 
INH PAS 24 ta) 4 
SM PAS 63 14s 
All 3 regimens | 732 
1/1 Stages 
INH SM 52s tis 
INH PAS 577 M4 239 70 
All 3 regimens 2,048 47 1,533 »s 7s “7 
* INH isoniazid, SM treptomyenn PAS para amine mew for dosage 


ce text 


In an attempt to determine what type of pulmonary tuberculosis might be 
most closely associated with the differences in result reflected in figure 1, the 
same kind of analysis was repeated according to stage of disease. The data on 
reversal of infectiousness for patients with minimal disease treated with the 
three two-drug regimens is shown in figure 2 and reveals that there was no statis 
tically significant difference among the regimens 

In figure 3 it may be noted that eight months after the start of therapy pa 
tients with moderately advanced disease treated with streptomycin-PAS had a 
statistically lower rate of reversal of infectiousness than those treated with 


isoniazid-PAS. Twelve months after the start of therapy, the inferior showing of 


the streptomycin-PAS regimen, compared with the other two regimens in terms 
of reversal of infectiousness, was almost significant on statistical analysi 
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TABLE 6 


Keported Cumulatively by Life-Table Procedure to Twelve Months after 


Start of Therapy 
Regimens*® 


INH 5M INH-PAS SM PA 


Number Per Cent Number Cet 
Observed Observed Observed 


Number 
A. Unfavorable roentgeno 
graphic change 


Kh. Bacteriologic relape 
Single smear positive tor 
fast baeilh 
Single culture positive for 
tubercle baecilh 
Multiple positive speci 


Thetis 
Total bacteriologic relapses 0 13 
* INH isoniazid; SM streptomycin; 


para aminosalicylic acid (for dosages 
seer text 


Offerences wer ticent 


+ 
69 
«669 544 “8 
rr? are 298 "9 


Pia. 1. kffeet of regimen (second isoniazid study) on reversal of infectiousness: all cases 

The results for reversal of infectiousness for patients with far advanced dis 
ease, given in figure 4, indicate the greatest difference between regimens. Those 
patients treated with streptomyein-PAS had a significantly lower reversal rate 
than those treated with isoniazid-PAS at eight months and at twelve months 
after the start of therapy. Moreover, at the eight-month observation point, the 
difference between the lower reversal rate on streptomycin-PAS and that found 


for isoniazid-streptomycin closely approached significance on statistical analy 
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Ouretion of Treatment and Observetion in Months 


4 6 
100 + 
60- SM 
60-4 
y 
4 
by} 
SM 
a 
PAS 
204 
+ + 
No of Coses INH-PAS 44 36 13 
INH-SM 63 56 34 
SM-PAS 73 54 20 
Fie. 2. Effect of regimen (second isoniazid study) on reversal of infectiousne mininal 
t 
of Treatment ond dee Montns 
a 8 18 
100+ + + + 
© Orfferences stotisticelly significant 
Orfferences cimost stotietce ly 
—— - + 
No of Coses INMH-PAS 27 223 26 
NH- SM 29 
SM PA 3:5 239 26 4 
Fic. 3. Effect of regimen (second isoniazid study) on reversal of infeetiousness: moder 


ately advanced cases 


sis. In none of these three comparisons, according to stage of the disease, was 
there a statistically significant difference in the reversal of infectiousness be 
tween those patients treated with isoniazid-PAS and those treated with isoniazid 
streptomycin. At the individual observation points, however, the results were 
consistently better for the group treated with isoniazid-PAS Progressing from 
minimal to moderately advanced to far advanced disease (see figures 2 to 4), 
there is a progressively greater superiority of the isoniazid-PAS regimen and a 
progressively greater inferiority of the regimen composed of streptomyem and 


PAS. 
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Fie. 4. beffeet of regimen second isoniazid study) on reversal of infeectiousness: far 
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Fria. 5. Effect of regimen (second ison wid study) on cavity closure (life tuble method 


without reseetional surger\ 


Data reported with respect to cavity closure by roentgenographic observa 
tion (including tomography) were analyzed by the life-table method. They were 
further analyzed both for all cavitary cases (whether cavitary closure was 


achieved with or without resectional surgery and separately for those patients 
who had not received resectional surgery pror to cavity closure. Cavity closure 
rates for the latter group are given in figure 5 and show that the rates for cavity 
closure for patients treated with streptomycin PAS were significantly lower than 
for those of the other two treatment groups both at eight and at twelve months 
after the start of therapy. Cavity closure rates for all cavitary cases, regardless 
of resectional surgery, show an exactly corresponding relative relationship among 
the regimens. When rese tional surgery was employed, the rates were higher by 
approximately 1, 6, and 10 per cent four, eight, and twelve months after the 
start of therapy, respectively 

Thus. with respect to both reversal of infectiousness and cavity closure, the 


results were significantly less satisfactory for those patients treated with strep 
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ReversaL or INFECTIOUSNESS 
IMPROVEMENT 


RoeNTGENOGRAPHK 


Observation After 
tave of Disease and Cavitar tatus at i Month ® Months 
start of Therapy 
Number Cant Number Cont 
1. Reversal of Infeetiousness 
Minimal 5A 146 
Moderately advanced 
a. No visible cavities 346 53 20 as 
b. Single cavities* §2 219 S4 
ce. Multiple eavities* 47 73 
Far advanced 
a. No visible cavities 14 AD 79 
4. Single cavities 
Less than 4 em. in diame 
ter By 33 115 “2 
More than 4 em. in diame 
c. Multiple cavities 
Less than 4 em. in diame 
ter? 167 25 453 
More than 4 em. in diame 
tert 167 4l 
B. “Significant” Roentgenographic 
Improvement 
Minimal ISS AD) 
Moderately advanced 
a. No visible cavities $55 24 453 
4. Single cavities* 545 210 a4 
Multiple cavities* 71 70 
Far advanced 
a. No visible cavities 127 5? Os “7 
b. Single cavities 
Less than 4 em. in diame 
More than 4 em. in diame 
ter is Mw 73 
Multiple cavities 
Less than 4 em. in diame 
tert 77 13! 
More than 4 em. in diame 
tert 56 63 


* By definition for moderately advanced disease cavities less than 4 em 


t Diameter of largest cavity 


VETERANS ADMINISTRATION-ARMY-NAVY 


TABLE 7 
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tomvyein-PAS. There was some superiority (although not a statistically signih 
cant one) of the isoniazid-PAS daily regimen over the regimen of isoniazid 
(daily) and streptomycin (twice weekly). With respect to significant roentgeno 


graphic improvement or unfavorable roentgenographic change, there was no 


significant difference among the three regimens With respect to bacteriology 
relapse, there was a slight though not significant inferiority of the results at 
tained with streptomycin-PAS. 

As in the previous report (3), it has been possible to analyze the effect of vari 
ables other than those having to do with the antimicrobial therapy. The results 
for the three regimens have been totaled although, as the preceding presentation 
has indicated, there was some lack of equivalence of result among the three 
treatment groups. The analysis of the totals obtained in this manner, however, 
has been checked for each regimen separately without altering the deductions 
derived from the three-regimen totals 

In table 7 are presented the data on reversal of infectiousness and significant 
ron nigenographi improvement for the patients treated on all three regimens 
according to both stage of the disease (according to Diagnostic Standards, 1950 
edition)» and to its cavitary component 

With respect to reversal of infectiousness (“conversion by culture’), the follow 


ing inferences may be drawn: 


Minimal disease (by definition noneavernous) yielded the best results 

Moderately advanced disease, whether reported as cavernous of not, yielded approx 
mately a good result is did minimal lesions 

Far advanced disease without detectable cavities improved ilmost as much as either 
minimal or moderately advanced disease 

In far advanced disease, the reversal of infectiousness rates for patients with single 
cavities. whether smaller or larger than 4 em, in diameter, were very nearly the same al 
though they were less in both instances than those for moderately advanced or minimal 
lise nse 

In far advanced disease there appeared to be more of an association between multi 
plieity of cavitre than «ize of the largest cavity in relation to the rates of reversal of in 


The portion of table 7 reporting segnificant roentgenographic improvement 
reflects a quite different relative relationship according to stage of disease and 


cavitary component. The following may be noted: 


Minimal disease exhibited the least significant roentgenographic improvement 

Cavernous moderately advanced disease showed more sue h improvement than non 
eavernous moderately advanced disease, and both groups exhibited more than 
minimal disease 

There was progressively more significant roentgenographic improvement among far 
advanced cases according to the following subgroups: noncavernous Cases, Cases of 
single cavities less than 4 em. in diameter ind cases of single cavities 4 or more 
em. in diameter. The highest rates of significant roentgenographic improvement 
were for the latter subgroup 

Rates of improvement for far advanced cases were less for patients with multiple 


cavities than for those with single cavities 


* Published by the N stional Tuberculosis Association 
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Patients with multiple-cavitary far advanced lesions, with the largest cavity less than 
fem. in diameter, improved less than those with the largest cavity 4 or more em 
in diameter four months after the start of ther ips but more than those with the 
larger cavitary component eight and twelve months after the start of therap) 

In no subgroup by stage and cavitary component Was the rate for significant roentgeno 
graphic improvement less at any succeeding observation point than at the preceding 
one, except for the far advanced subgroup with multiple cavities the largest of which 
was 4 em. or more in diameter; in this subgroup, that with the most extensive hi 
ease, the improvement rate was less at twelve months than at eight months after 


the start of therapy 


The differences in result, according to stage and to cavitary status, between 
part A of table 7 (reversal of infectiousness) and part B (significant roentgeno 
graphic improvement) are marked and im some instances striking kor far 
advanced cases divided into the five subgroups indicated in the table at the 
four-month observation point, with respect to reversal of infectiousness, there 
was a progressively lower reversal rate from noncavernous cases to multiple 
cavitary Cases with the largest cavity 4 em. or more in diameter. With respect to 
significant roentgenographic improvement, however, the reverse is true for single 
cavity and noncavernous cases. Moreover, for the noncavernous cases observed 
at four, eight, and twelve months, there was uniformly /ess reversal of infectious 
ness with the progression from minimal to moderately advanced to far advanced 
disease; whereas there was uniformly more significant roentgenographi lnprove 
ment with the same progression 

Cavity closure rates have also been calculated (by the life-table method) for 
the patients treated on the three regimens, according to cavitary status. The 
results are given im figure 6 tor those patients achieving cavity closure without 


resectional surgery, and demonstrate the following 


Cavity closure rates for the two single cavity groups (1.0 to 2.0 and 2 5 em. in 


diameter were approximatel the same (not significant! different and are uni 
formly the best 

There were progressively lower eavity closure rates for the following group ingle 
eavity cases (of either size multiple cavit Case sith largest cavit igte v0 


35, and 40to7 5 em. in diameter 
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Fic 6. Effect of cavitary component (second isoniazid study) on cavity closure life 
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TABLE 8 
REVERSAL oF INFROTIOUSNESS ACCORDING TO AcE AND Race 


Fight Months After Start of Therapy 


Age in Vears 


Less than 40 and Older 


real eres 

Number of Number of Number of | Reverse 
of Inte: of Infe: of 

Patient Patients Patients Inte 

tiousness tiousness 


l. Moderate ly Advanced per cont per cent per cont 
A. White 292 S4 

Il. Far Advanced 
1. White os 232 
B. Negro 7 


* Number of patients insufficient for analy 


Data are also available on the effect of the variables of age and race. The data 
are given in table 8 with respect to reversal of infectiousness for the patients 
treated on all three regimens, for the patients with moderately advanced and 
far advanced disease considered separately, and for white and Negro pa 
tients. In addition, the data are arranged according to the following age groups: 
less than forty years of age, forty to fifty-nine years of age, and sixty years of 
age and older. In no comparison group was there a statistically significant dif 
ference in the rate of reversal of infectiousness, either with respect to race or to 
age group. 

It is not intended in the present report to give the data in detail with respect 
to the rates of emergence of drug-resistant strains of tubercle bacilli. Neverthe- 
less, as it is pertinent to the evaluation of the comparative therapeutic efficacy 
to consider these data, they are presented in condensed summary form in table 
The data for this table were derived from the tabulated material presented to 
the Fourteenth Conference on the Chemotherapy of Tuberculosis (6) and were 
calculated cumulatively by the life-table method 

It is indicated in table 9 that. when either PAS daily or isoniazid daily is com 
bined with twice a-week streptomycin, the rates of emergence of strains of 
tubercle bacilli resistant in vitro to streptomycin are comparable for the two 
regimens. This is the case whether the level of resistance be defined as: growth 
in the 100 y per ml. tube equivalent to that in the control tube; growth in the 
100 y per ml. tube less than that in the control tube (“partial” growth): growth 
in the 10 y per mil. tube equivalent to that in the control tube; or the sum ol 
these three degrees of in vitro resistance 

The data in table 9 indicate. however, that there is a definite difference in 
the rates at which tubercle bacilli resistant im vitro to 5 y of isoniazid per ml 
appear in patients treated with isoniazid streptomycin or isoniazid-PAS. The 

drug-resistance rates for therapy with isoniazid (daily) and streptomycin (twice 

weekly) were statistically significantly higher at both eight and twelve months 
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TABLE 9 
Rares or Emercence or Srrains or Tusercire Resistant ro 
STREPTOMYCIN OR ISONIAZID 
Reported Cumulatively by Life Table Procedure to Twelve Months 
After Start of Therapy 
Observation After Start of Therapy 
i Montt ® Month 12 Month 
Drug Regimen* 
Number of Per Number of Per Nember of Per Cont 
Patient Patients Patients w 
Observed | Observed | Resistas Observed Resistant 
Straw trains trains 
i Streptomycin {esistance 
SM-INH 
SM-PAS hwy 975 
Equivalent growth in 100 
per ml 
SM-INH 15 
SM.-PAS l 2 
Partial growth in 100 
per mil 
SM-INH 15 15 
SM-PAS 2 i 5 
Equivalent growth in 10 
per ml 
SM INH I 2 15 
SM-PAS 2.5 2 2 
All levels of resistances 
SM_UINH 5 i2 
SM PAS 5.5 
Isoniazid Resistance 
Equivalent growth in 5 
per mil 
INH SM 575 > 
INH PAS 15 230 2 
INH isoniazid SM streptomycin PAS acid (for dosages 
see text 


after the start of therapy and were almost significantly higher at four months 
than for isoniazid-PAS administered daily. A more detailed presentation of 
drug-resistance and susceptibility data from the cooperative investigation is 


planned lor a subsequent report, 
DISCUSSION 


The primary purpose of the investigation here reported has been to determine 
the relative efficacy on concurrent study of two two-drug regimens containing 
isoniazid (isoniazid, 300 mg. daily, plus | gm. of streptomycin twice weekly 
and isoniazid, 300 mg. daily, plus 12 gm. of PAS daily and a streptomycin-PAS 


regimen (1 gm. of streptomycin twice weekly plus 12 gm. of PAS daily 


q 
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In studies such as the present investigation, it is essential that it be satisfac 
torily established that the treatment groups are comparable. In the present 
study, the principle of random allocation of the three regimens to patients has 
been employed meticulously and evidence has been presented (see table 4) that 


the three groups are in fact highly comparable. Evidence was further presented 


that the interpretation of the results concerning possible differences among the 
regimens might be safely attributed to the therapeutic variables deliberately 
introduced into the study rather than to possible differences in the clinical 
material. Further refinements in methodology, for example, the insistence that 
“conversion rates’ be based on reversal of infectiousness of the patient for 
at least a two-month period, have to an additional degree mzJde the observations 
reported more objective and less subject to the vagaries of interpretation by the 
individual cooperating investigators 

A considerable proportion of this presentation has dealt with the apparent 
inconsistency in results according to the observation sign.jcant roentgenographic 
improvement and according to such other observations as reversal of infectious 
ness and cavity closure. The inconsistency noted in table 7 between the results 
according to significant roentgenographic improvement and reversal of infectious- 
ness according to stage of disease and cavitary status is particularly striking 
Analysis of data from the 1951-1952 study of three streptomycin-PAS regimens 
showed a similar inconsistency (3). It is possible that these inconsistencies are 
related to the interpretation of roentgenographic change by the individual in- 
vestigators rather than by disinterested readers unaware of the course and 
nature of the treatment of the patients. The latter procedure has been followed 
by the United States Public Health Service cooperative group (7, 8) and the 
British Medical Research Council (9). It does not seem likely, however, that 
the inter-category inconsistencies noted in the present study are a reflection of 
the particular method used. In support of this position is the fact that these 
disparities among the bacteriologic and the two kinds of roentgenographic find- 
ings were found among the Veterans Administration, Army, and Navy group 
from hospital to hospital and from study to study. Moreover, a test of the 
roentgenographic interpretations of the present study, in which readings by 
investigators and by an independent “jury” of experts were compared, showed 
that there was an adequate comparability of the results by either method (10) 
It is concluded, therefore, that, with the present system of interpreting serial 
roentgenograms, the finding of significant roentgenographic improvement has 
less reliability than other more objective measures. Muschenheim has recently 
said “When one comes to attaching great significance to 1-plus, 2-plus, or 3-plus 
‘improvement’ and attempts a determination of the ‘best’ treatment on statis 
tical analysis of such arbitrary data, one is building on a somewhat unstable 
foundation” (11) 

This is not to say that such serial roentgenographic observation has no merit 
in the evaluation of antimicrobial therapy, but rather stresses the obvious, that. 
it is a relatively unreliable tool for precise evaluation of the results of such ther 
apy. In view of this conclusion, therefore, interpretations of differential effects 
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related to any variable ot the tuberculous disease or to tts therapy which place 
reliance upon roentge nographie change should at least be confirmed by other 
observations before ny final conclusions are drawn 

In this report, as in the previous two reports which cover studies by the group 
of cooperating hospitals in the Veterans Administration, Army, and Navy from 
1949-1952, very little mention has been made of the important finding of the 
respective drug susceptibilities of the strains of tubercle bacilli recovered trom 
the patient considered in relation to the drugs employed in the test regimens 
This does not reflect any belief that such findings are not important either to 
the patient or to the interpretation ol results; if is merely postponing the more 
complete evaluation until such time as these data can be acd quately prese nted 
In the previous study, in which three streptomyecim-PAS regimens were com 
pared 3), the preliminary inalyses actually showed essential comparal lity of 
the rates of emergence of streptomycin- or PAS-resistant strains of tubercle 
bacilli for the three regimens. Accordingly, the postponement of a complete 
presentation of the drug-susceptibility data ts not believed to have altered the 
validity of the interpretations made. In the present study, a brief presentation 
has been made of the comparative rates of emergence of streptomycin-resistant 
and isoniazid-resistant strains of tubercle bacilli, and these data will be dis 
cussed further below 

Although the cooperative group ot hospitals in the Veterans Administration, 
Army, and Navy has conducted trials of the relative efficacy of isomazid alone, 
the present report does not cover the period from February to August, 1952, 
when these trials were in effect. In view of opinions published recently to the 
effect that isoniazid alone, at least tor certain types of tuberculous conditions, 
may be as effective as isoniazid-streptomycin or isoniazid-PAS (11, 12, 13), and 
that the higher rate of emergence of isoniazid resistance with isoniazid alone may 
not necessarily be related to a more unfavorable course of the disease (14), 1 
view of the data obtained in early 1952 is of considerable importance and ts, 
in fact, in progress at the present time, with more extensive follow-up than was 


earlier possible 


As Muschenheim has pointed out (11), . . . if seems highly probable that the 
best management of tuberculosis will prove to be, not a single drug regimen 
which is optimal for all cases but that different regimens will be found to best 
suit different forms and types ol the disease.’’ Accordingly, it has been of mterest 


in the present study to examine the relative efheacy of the three regimens invests 
gated according to a number of variables of the disease itself 

It was found, for example, that the three two-drug regimens are approximately 
equally effective for minimal pulmonary tuberculosis, but that the isonimazid-PAS 
daily regimen is more effective for the more advanced cases and for those with 
the largest cavitary components It was further found that the regimen of 
streptomycin twice weekly and PAS daily was definitely less effective for these 
last two groupes 

Che first isoniazid study of the United States Public Health Service reported 


that the rates for significant roentgenographic improvement were the same for 
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minimal. moderately advanced, and far advanced cases of pulmonary tuber 


te 


culosis treated with isoniazid, isoniazid-streptomycin, or streptomycin PAS 
(7f). These findings are in contrast to the findings of the present study, in which 
progressively more such improvement was noted the more advanced the stage of 
the disease. In contrasting these findings, it is necessary to note certain differ 
ences in the two investigations. The Public Health Service study included a 
certain percentage of patients who had had prior antimicrobial therapy (al 
though all were streplomycin-susce plible it included 60 per cent ol females; 
ard it employed i different method for roentgenographic interpretation The 
Veterans Administration-Army-Navy study included only previously untreated 
patients and contained less than | per cent ol females. It is not altogether « lear 
whether these differences account for the observed differences in significant 
roentge nographir improvement 

The Publie Health Service study also found a relationship between the age of 
the patient and significant roentge nographic improvement; the older the patient 
group, the less favorable the response (7f). In the Veterans Administration-Army 
Navy investigation, the effect of age groups has also been tested. For patients 
treated with antims robial therapy of relatively short duration, reported in the 
first article of this series (2), it was found that patients more than forty-five 
had ignificantly more roentge nographie improvem iat, designated is moderate 
or marked, than those less than forty-five (15). For patients treated with longer 
courses of antimicrobial therapy reported in the second paper of the series (3), 
there was definitely more significant roentgenographic improvement in the group 
less than forty years of age than in that more than forty years of age (16). In the 
present series there is no significant difference in reversal of infectrousness 
rates for age groups less than forty, forty te filty-nine, and sixty vears of age 
and older (table 8), according to race or stage of disease. In view of these con 
flicting findings, but especially in the light of the data presented in table 8, 1t ts 
probable that the factor of age per se does not influence the outcome of anti 
microbial the rapy as rite h as do other assoc inted factors. As the Public Health 
Service studi 7f) and Reisner and associates (13) have pointed out, disease 
of recent origin responds most favorably, and it is altogether likely that this 
factor rather than age is the important variable in such correlations 

The Public Health Service investigators found, with respect to the influence 
of race, that there was less difference with respect to significant roentgenographir 
improvement between whites and non-whites than between age groups “In 
these under 45 vears old the proportion who imprey ed was greater among whites 
than non-whites, while m those over 45 years old more non-whites than whites 
showed X-ray film improvement” (7f). The present report indicates no signifi 
eant difference with respect to reversal of infectiousness between whites and 
non whites tor either moderately addy anced or tar aad anced disease groups, or 
for different age groups (table 8). Thus, in spite of differences in the two studies, 
there is approximate agreen nt that with effective antimu robial therapy of the 


type employed the factor of race per se probably has little influence on the out 
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The previous report in this series has indicated that the results are less satis 
factory with bilateral involvement than with unilateral (3); the Public Health 
Service data are in agreement with those findings (7f 

It has not been possible in the present investigation to analyze the result 


according to duration of the antimicrobial therapy As indicated in table 3 
there were practi ally no patients treated for less than « ight months, and only 
oO per cent of the total who were observed to twelve months were treated for eight 
months. It is po sible, however, that, as further data are reported on patients 
in this study,® it may be practicable to extend the analvsis begun vith patient 
treated with streptomycin-PAS (3) and to determine the relative value of course 
of antimicrobial therapy of twelve, eighteen, and twenty-four months’ duration 
in patients who have recerved no previous chemotherapy 

The principal findings ol the mvestigation of regimen employing 
streptomycin, and PAS in three two-drug combinations are three mp number 
isoninzid~-PAS administered daily consistently gives the best results; the results 
from this regimen are slightly superior to those from the regimen of isoniazid 
daily and streptomycin twice weekly; the results with the regimen combining 
streptomycin twice weekly and PAS daily are the least satisfactory, « pecrally 
in the most advanced cases and in those with the largest cavitary component 

It is interesting to compare the results of the coope rative mvestigations of the 
Veterans Administration, Army, and Navy (VAAN) with those of the British 
Medical Research Council (MR¢ 9) and the second isoniazid study of the 
United States Public Health Service (PHS s All three employed rnd er 
teria for admission to the study, including bactertologie proof; the MIRC trials 
admitted patients with prior antimicrobial therapy but only im very stall 
amounts (less than 15 gm. ol streptomycin, 300 gin. ol PAS, or 3 1. Ob bsonin 
zid); patients admitted to the other two studies were all previously untreated 
Phe duration of therapy in the MRC trials was for three months, with freedom 
of therapy thereafter, but a considerable number received the orgimal therapy 
for at least six months. The duration of ther ipyviu the PHS study was for forty 
weeks, the results available to thirty-two weeks being reported, In the VAAN 
study, the duration of therapy Wee, in general, tor more then ft lve months 


All three studies emploved the principle ol random allocation of regimens to 


patients under mvVestigation although different technique vere tollowed In 


all three stud patient-treatment groups resulting from such random alloca 
tion were found to te highly comparable in thew COD position 
There were definite differences in the drug regimens mvestigated, as tollow 
The Mike compared 
1. streptomycin daily and PAS (20 gm per day) daily 
2. streptomycin twee weekly plus PAS daily 
3. isoniazid (200 mg. per day) daily plus 20 gm. of PAS daily 
1. isoniazid (200 mg. per day) daily plus 10 gm. of PAS daily 


* For the Fifteenth Conference on the Chemotherapy of Tuberculosi 
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The PHS study compared five regimens employing isoniazid in Various com 
binations 
|. 3 mg. of isoniazid per kg. daily plus streptomycin twice weekly 


2 10 mg. of isoniazid per kg. daily plus streptomyem twice weekly 
» of isoniazid per kg. daily plus PAS (10 to 12 gm. per day daily 


4. Smeg 
{+ 10 mg. of isoniazid per kg. daily plus PAS daily 
10 mg. of isoniazid per kg. daily plus streptomycin twice weekly and 
PAS daily 
Che three regimens studied by the VAAN group were: 
i isoniazid (300 mg. per day) daily plus streptomycin twice weekly 


2 jsoniazid daily plus PAS (12 gm. pet dav) daily 
3. streptomycin twice we kly plus PAS daily 
If certain nonceomparable regimens are exe luded from these several regimens, 


the experiences of the three cooperative groups ay be compared keeping in 


mind the difference in methodology and clinieal material noted 
| wo regimen vith ery miitiogr differences, are common to all three studies 
streptomycin, | gm. twice weekly (MRC_ isoniazid 


(A) isoniazid daily and 
dosage: 200 mg. per day PHS 3 mg. per kg. per day 150 to 250 mg. per day; 
VAAN. 300 mg. per day); and (B) isoniazid daily and PAS daily (MRC 20 
gm. of NaPAS 15 gm. PAS per day PHS-—-10 to 12 gm. per day; VAAN—12 
gm. per day). A third regimen (© studied by the MRC will also be referred to 


consisting of isoniazid and streptomycin daily 

Results from the MRC trials indicated that regimen B isoniazid-PAS daily 
was superior to regimen A (isoniazid daily and streptomycin twice weekly 
(Og). The PHS study concluded that regimen B is not clearly superior to regimen 
{. but data from this study show a consistent superiority tor regimen B over 
1, with respect to reversal of infectiousness if not for significant roent 
genographic improvement (8b, ¢) The VAAN study has indicated a slight but 
it antage tor regimen B over regimen A based on roentgenographir 


regimen 


consistent m 
and bactenologie criteria 
The MRC trials have been the only ones to compare isoniazid daily plus strep 


tomvein daily (regimen C) with isoniazid daily plus streptomycin twice weekly 


(regimen A); their results demonstrate clearly the superiority of the former 


especially when drug resistance ts taken into account (9g). Cohen has proposed 


the hy pothesis supported bv a substantial amount of data from the PHS study, 


that “the question ‘which patients will have drug-resistant bacilli?’ is really 


the same question as ‘which patients will continue to produce “positive” spu 


tum?’ (17). All three studies show a high degree of loss of susceptibility to 
isoniazid of the strams ol tubercle bacilli from those patients who continued to 
discharge tubercle bacilli after five to six or more months of therapy 

The data for isoniazid resistance presently available from the three studies are 


summarized in table 10. Resistance im vitro to lto5 ¥ of isoniazid per mil. with 


therapy consisting of isoniazid-PAS daily appears to be consistent in all three 


studies, ranging from 0 to 2 per cent of all patients tested four to eight months 


after the start of therapy. The rate for therapy consisting of isoniazid daily 
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pls streptomyenn twice weekly is in Close agreement in the MRC and PHS 
stich that it is lower in the VAAN study probably is related to the fact that 
its toniazid data are for resistance to 5 4 per mil In all three studies the differ 
ences in percentages between these two regimens are statistically significant 
The MRC report indicates the same incidence of isoniazid resistance for the regi 
men of isoniazid and streptomycin daily as for that of isoniazid and PAS daily 

It is clear from the present study and the other studies cited that the differ 
ences in the results among the various regimens are not great but that, in most 
of the more advanced types ol pulmonary tuberculosis, the results are uperior 
with a regimen employing isoniazid as one of a multiple-drug combination 
The present study has not included a comparison ol so-called triple-drug ther 
apy,” isomazid-streptomycin-PAS. Preliminary results from a pilot study re 
ported to the Fourteenth Conference on ¢ he motherapy by the VAAN group in 
Kebruary, 1955, however, did not reveal a clea superiority of the three-drug 


regimen over either isoniazid streptomyen or streptomyemn PAS (18 


over, the second PHS isoniazid study has not found such “triple-drug therapy 


to tn more effective than the combination of either stre plomyemn or PAS with 
isoniazid’ 


Phus, within approximately three years after isoniazid began to be investi 
gated extensively in clinical trials, it has been firmly established that the anti 
microbial therapy of choice for tuberculosis should include isoniazid. The issue 
whether isomazid alone may be employed under certain circumstances is not 
altogether clear, as has been indicated, but it is probable that there is a definite 
place for such therapy when the disease is not advanced. The choice of the second 
drug to use along with isoniazid when multiple-drug therapy is advisable is even 
less clear and must be decided with due regard to factors other than those which 
have been ermploved in the studies here reported 

Judging from the evidence presently available, it is probable that the regimen 


of isoniazid daily and treptomyan daily is that which leads consistently to the 
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best results, ax indicated by the MRC trials (9). The two-drug regimen of ison 
avid daily and streptomycin twice weekly leads to results almost as good us 
those with daily streptomycin, as judged by the clinical observations listed, but 
has the definite disadvantage of being associated with a higher rate of emer 
gence of isoniazid-resistant strains of tubercle bacilli. On the other hand, the 


regimen of isoniazid-PAS administered daily has been found to be very effective 


Phe MRC study concludes with respect to this regimen that it “has proved itsel 
a very effective combination of drugs, although not quite so powerful as daily 
streptomycin plus isemmazid”’ (9g Furthermore, both the MRC trials (9%q) and 
the PIIS stud Ke) have shown that smaller doses ot PAS than those cus 
tormmarily administered (10 gm. a day of the sodium salt in the MRC trials, 5to6 
gin. ol PAS daily on the PHS study when administered with isoniazid are 
ently as effeetive as the larger usual doses and are less toxt 

The PHS investigators have stated that “The choice betwee streptomiyenn 
and PAS as partners for isoniazid must be made on other grounds than thera 
peutic eflectivenes 8h). Musehenheim has pomted out that “There is little 
indication which is the preferable drug, streptomycin or PAS 
companion to that There are some theoretical objections, at 
least, to the streptomyecim-isomazid combination, beeause it commits the two 
most effective agents simultaneously.”’ He believes these objections are more 
theoretical than practical, especially in view of the high rate of reversal of in 
fectiousness with the regimen and the availability of other drugs when drug 
resistance does occur (11 

The cooperative studies of the antimicrobial therapy of pulmonary tubercu 
losis have not answered with final precision therefore, the question which regi 
men is “best,” but have laid the basis with factual information for the practical 


clinieal decision to be made by the well-informed physician 


SUMMARY 


Isoniazid streptomycin, and pura aminosalievlic acid PAS) have eon com 


pared as two-drug regimens in the treatment of bactenologically proved pul 


monary tuberculosis. A total of 2,187 patients without prior drug therapy wer 
assigned by random allocation one of the following three regimens 

Isoniazid, 300 mg. per day, plus 12 gm. of PAS per day 

Isoniazid, SOO mg. per day, plus | gm. of streptomycin twice wee kly 

Streptomycin, | gm. twice weekly, plus 12 gm. of PAS per day 
Analveis of factors characterizing the patients and their disease showed the 
resulting three treatment groups to be highly comparable 

The best results, with respect to the criteria reversal of infectiousness (con 

version by culture’’), unfavorable roentgenographic change, and cavity closure, 
were obtained with the isoniazid-PAS regimen; the poorest, with streptomyem 
PAS. The results with isoniazid daily plus streptomycin twice weekly were 
slightly less good than those with isoniazid-PAS administered daily. The more 
advanced the disease and the greater the cavitary component, the more marked 


was this differentiation 
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Analysis of the results according to the eritenion significant roentgenographi 
Hlaprovement moderate plus marked degrees of Hmprovement showed it to 
poorly correlated with the other criteria listed, especially with respect to the 
tage of the disease and the cavitary component of nore mdvanced disease, It ts 
concluded, therefore, that the eriterion significant roentgenographie improve 
ment is of restricted value in such studies and that greater reliance should be 
placed on other more objective measures 

Analyzing the influence of variables other than those of the antimicrobial 
drugs employed evidence has been prese nted which mndicates that race and nge 
per se do not appear to be clearly associated with outcome, that results are less 
sutistactory the more advanced the disease and the larger its cavitary component 
at the start of therapy; and that bilateral involvement responds less well than 
unilateral. It has not been possible in the om estigation here reported to analyze 
the relative influence of differing durations of therapy. The vast majority of 
patients were treated for more than twelve months, but the evidence continues 
to suggest that twelve months of therapy is the minimum advisable and that 
more may be advisable in most patients 

Data have been pre sented which indicate that, when either isomazid or PAS 
is administered daily as the companion to streptomycin twice weekly, rates for 
the emergence of streptomycin-resistant strains of tubercle bacilli are compa 


rable. When PAS daily is compared with streptomycin twice weekly as the com 


panion for daily isoniazid, however, the rates for the emergence of drug-resistant 


organisms (resistant in etro to isoniazid concentrations of 5 ¥ per mi.) are sig 
nificantly higher for the daily isoniazid and twice-weekly streptomycin regimen 
Reference has been made to the fact that the clinieal significance of this finding, 
however, is not clearly established. 

Comparisons have been made between the results of the cooperative investiga 
tions of the Veterans Administration, Army, and Navy, of the United States 
Public Health Service group, and of the British Medical Research Council trials 
‘There is good agreement that regimens which employ tsoniazid with either strep 
tomvein or PAS are approximately equally effective, but that streptomycin 
twice weekly as the companion for isoniazid is slightly less effective than iso 
niazid-PAS. The Medical Research Council trials have indicated that the com 
bination of daily isoniazid and daily streptomycin gives consistently the best 
results 

There is increasing evidence that the final decision as to what antimicrobial 
therapy will be preseribed in practical clinical application will depend on varia 
tions of the disease and on other factors not included in the large-scale British 


and nited Stutes COOpH rative studies 
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que sera la thérapie antibactérienne appliqués en clinique 
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econd report: 


The list of hospitals participating in this study War given in the first and 


of thi 2 3) as well as the names of the individuals in the Reports and Statistu 
Veterans Administration who have continued 
tatistical dat Hundreds of individual 
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ig procedure 


ment vhich consists of pertortinn rapid 
thus procedure rial wh 


ind deep expiration early 
4 Numerous writet » 


the method 


users ol 
2), and have agreed 
on the clinteal utility of the test but have not agreed on 
the spirometri recording should be measured. Moreover, the mechanieal limita 
tions of the recording spirometers have not been widely recognized (15 

Phe present report eoneerned with the results obtamed ina study of healthy 
ts who had pulmonary disease, in whom both pneumotacho 
These data 


namely 


persons ind patier 
graphic and spirometric recordings were made 
ul ed pre A new men 


nt the normal 


standards for certain measurement 
that of maximal midexpiratory flow, is proposed as a simple and more 


means for the detection of expiratory obstruction 


Patt AL ol Varimally Rapid and Deep ation 
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galvanometer and 100 per cent response in OL01S second 


Patterns in health and in emphysema A total of 25 recordings was made im the 
vorrei lhe ubject ilter 


sitting position trom © healthy men and 3 healthy 


maximal Inspiration expired through i mouthpiece 75 en of smooth-bore 
ing an inner diameter of 2.5 em. and attached to the flowmeter 
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PNEUMOTACHOGRAMS OF FORCED EXPIRATION 


NORMAL 


= 4 
0.25 


FORCED EXPIRATION+——> 


EMPHYSEMA 


L.- 


First 


Mid 0.95 


<— INSPIRATION—» FORCED EXPIRATION— 


Fria. Pneumotachogram obtained during foreed expit after a maxim il inspire 
tion, Upper panel hows typical pattern in , normal person whereas the lower panel shows 


the pattern in p nt who had en ph semna 


per econd in the men and 5 to 7 liters per second in the women, The mitial le 
flection in many records Was more abrupt than that shown un figure 1, approach 
ing a right angle in some Instances After peak flow, the rate of flow progressively 
decreased, although numerous small irregularities were present 

Records also were obtained from 10 men who had pulmonary emphysema 
\s illustrated in figure 1, these records also showed a briet period of increasing 
flow, with peak rat i | to 3 liters per second, followed by a rapid decrease to 
the lower rates of flow prevailing throughout the remainder of the expiration 
Large acceleration ind decelerations of volume oce urred in both normal persons 
and patients whe had emphysema during the first several tenths of a second 
This indieated that the inertial factors present in the usual type of water 
cealed eviindric recording spirometer would render it unsuitable for faithtul re 
cording. During the muddle and later parts of the expiration however, the 
changes in rate of flow were leas rapid and more suitable for accurate recording 
by a spirotie ter 

The pneumotachograne also confirmed certain gross characteristics of the 


pattern of expiratory flaw of patretits who have emphysema which have been 


10 

8 Phe. 
‘ | sec. 4 
A 
6 sec First 4 4.0 
a 4 Mid 3.7 

a. = 

0.75 

4 
Le | 30 
ote 
| 

L 
ae 
oot 

4 


MAXIMAL MIDEXPIRATORY FLOW 


NORMAL NORMAL EMPHYSEMA 
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Mid-Volun 


Fie. 2. Spirometric tracings obtained during expiration of 1 volume and rapidit 


- 


Note the pl wcement of marks to indicate 25 per cent of the ‘ etion at each end 


widely observed with recording spirometers. Recordings of rapid expirations 
made by healthy men and by a patient who had emphysema are illustrated in 
figure 2. An 18-liter spirometer of the Benediet-Roth type wa used at a drum 
speed of 8 mum. pet second, with the carbon dioxide absorber and valves removed 

Although patients who have emphysema can develop a relatively large rate 
of flow for the initial volume expired, this rate cannot be maintained for the 
major part of the total expiration. In contrast, the normal person can maintain 


a fairly large rate of flow for the major part. However, both normal persons and 


vatients had a relatively slow rate of flow toward the end of expiration. Thi 
| | 


suggested the Possibility that mereased ability to detect expiratory re tardation 
might be obtained by a measurement which (/) excluded the early volume ex 
pired, which in any case might not be accurately recorded by conventional spirom 
eters: and 2) excluded the last part of the volun expired vhich was rela 
tively retarded in both healthy persons and in patients. In other words, perhap 
the expiratory slowing observed im patients of thi Lype te nded to be maximal 
during the nudpart ol expiration 
Partition of total « rp ed volume: In order to test thi Possibility set forth in 
mediately above, it was decided arbitrarily to separate the total expired volume 


into three parts namely, the first quarter the middle half, and the last (uartel 


\Vleasurements were made ot the mean rate of flow and of the duration of each oft 


- 
4, 
3} 
2) 
i> 
= 
2 4 € 4 6 6 
sec. sec. sec. oe 
Volume (L. 5.6 4.4 2.4 
% Expired 
n | second a4 
in 3 seconds 99 +8 
Flow Rate 
of Mid-Haif ‘sec, 5.7 4.3 
i 
Duration of 
(sec. 50 5° 
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rABLE | 


p DURATION OF SEVERAI 


iif 


and recordings trom 


these part on both pirometrir 
men and from men who had emphysema. All types ol recording con 


healthy 


firmed the same conelusion 
The summary of all ol the data noi table 1, which lists the average 
values for flow wed duration wid also the averages ol ratio ol the rates ol flow 
during the middle and last phases to the rate during the first quartet Both age 
of healthy men were ible to mamitain rate of flow during the riddle 
75 per cent of the rate during the first quarter, The 


hall which was more than « 
who had ¢ uphy ema, however had a relati ely greater retardation dut 


ing the middle half than during either the first or last quarter, as shown both by 


nt 


low rates and prolonged duration of flow 
and the duration ol 


fhe accuracy ol pirometry recording of the rate ol flaw 


the middle-hall volume wa tested as follows 


A total of ten records was ont d from 6 healt! {women) in whom 
the fore pirate vas made through the pneumeotne y the reeording spirome 
peed Simm. per second for sis records and 2.67 mm. per second for tour 
reeord urements were made of the mean rate of flow and the duration of the mandible 


half and »of the percentage expired in I second. which has been widel recorded spiro 
other 

Phe average midvolume measurement obtamed by the spirometer 1.24 liters 

significantly different from those ot the 

However, a small 


was recorded 


per econd second were 


hogran 120 liters per see ond and O.504 seeond 


> per eent) but cor istently greater amount expired in | second 


bow the pirometer characteristic ol thus particular spirometer under 
these conditiort It should bee 


the mensurement of the flowmeter 


noted that it is not possible to exclude a small 
svetematie error it which os calibrated with 
diffieulty at such high rates of flow as oceur during the first several tenths of a 
second 


Comparisons at two different drum speeds vere made, with the intention of 


H 
f 

an ow Maxim y Kavip Deer 
ae 
3 Katio of Mea 
Katio of 
uf ‘ 
| 
piel thet te 
with em | | | 

) 

a 


MAXIMAL MIDEXPIRATORY FLOW isa 
sing a drum speed of S mim per second to reduce the error of reading im studies 
vhich establish normal 


ol 


values and of using the standard commercial drum speed 


2.67 mm. per second for routine clinical testing, for which it is both eon 
and sufficient. Although a faster drum speed has been used ty 
gators thus does not mcrense 


enient 
Various rvest! 
the accuracy of measurement when this is limited 
mainly by the frequency-response characteristics of the spirometer itsell 

After it had been determined that the spirometer could yield measurement 
of midvolume which had 


no svstemathy 
slightly in error 


inaccuracy and were probably 


only 
with regard to measurement of the 


percentage of the total ex 
piration which was expired in | second, a more extensive 


tudyv of healthy per 
was begun 


Vormal | ali in Ihe althy 1d 
Subject The 


previous annual hi 


re 140 healthy adults who were consideres 


ilts of physical examination (ineluding roent 
the thorax to le 


irdiae or pulmonar They were techni 
ofessional emplo o Clinte or students therein 


im the itting po ities 


maximal mspiration ag 
vas not rstructed to expire 
i ther natruected 


vith demonstration, to ma 


ke an expiration of bot 
ind rapidit thi is repeated in a minute or so unl riditional attempts 
of effort or understanding. A mouthpreee and tose elip 
ibe through two parallel 120-em. lengtl if 
lisameter, to the spirometer without ilves or 


pirometric tracing, each at 


repre 
figure 2 \ tran 


is then placed over the 


the respective ¢ 


tracing so that 


the 


pirometri 
lower ‘ 
to the horizont 
the horzontal 
from whieh the 
tructed to re 
iverage lo« 


or is introd 


miveolutme 
Phe pereentag 
placing thw 
abrupt cent 
from point ¢ 
t he 
pletion 


expiration 


on the basis of ther 
i 
yenogran al 
clerical, of 
Vas instructed, wit {then maximal 
expiration kor th h maxinal rapid 
it The ibject 
maximal volume 
a 
sere necessitate 
were tised, 
wre tul 
earbon droxide almeortber 
Ve irement Iwo vere placed on the 
enting 25 per cent of the total deflection 
parent plastic sheet with suitable scales (figure 3) ¥en . 
its hormzontal a exnet parallel to the horizontal base line of the tracing (i! 
identical numbered seals thee les facilitate th ana in insenbed point A exactly 
overlay the upper (25 per cent) mark on the spirometri record. A transparent straightedge 
fas then placed on the plastiu heet and aligned pe through point A and the lower 
per cent mar on the ind the corresponding read on 
thw ower horizonta calle eo tructed tMiost making the 
vertical distance trom pot ile equal to oltre ich 
© liter ind marking the ur cale in appropriate alin of seconds per 
liter Phi gave eur liye sere readil converted to liter per 
weond. The cale 1 ‘ iters BTPS (bod temperature minent 
pre ure sturated for amlnent temperature and baro 
metric pressure, no important err uced if dail imations are not extreme. The 
duration in seconds of the persod required to expire the midvolume, or the midexp tor 
time m obtamed by dividing one half the total volume expired the mean rate of ftlow of 
of the total volume expired in | and is econd vas determined | 
ed point ( over the point here the expirat lefleet eun wn 
vx D and E are at right angles to the base line at a horizontal distanes 
to the dru ‘ times three. respec ‘ ind indicate 
during these inter of time. is not uneor ist after the com 
| imey tion. for the subject to delay momentarily the start of the foreed i 
gu A small volume of gas may be expelled at this time over a variable period pre - 
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TRANSPARENT SCALE FOR 
SPIROGRAPHIC MEASUREMENT 


SCALE sec. /Liter 


Fra. 3. Appearance of transparent plastic seale to facilitate measureme nt of spirogrames 


ceding the start of the rapid expiration If the l-second period ts started at the initial 


expiratory deflection. a emall value will be obt sined for the volume expired in 1 second 


Records in which uncertainty existe d about the initial expiratory point were exe luded from 


the l-second and 3-second me wurementes uch reeords were, however stisfactory for 


measurement of midexpiratory flow Difficulties in accurate definition of the starting point 


of the rapid expiration tia unise not only trom the ubject’s performances but also trom 
the actual limitations of the spirometer in recording this bref period of high acceleration 
of volume (figure | The horizontal seales of figure 2 are construc ted for a drum speed of 
2.67 mm. per ond. which was used for studies on patrents As already indicated, normal 
subjects were st idied at a drum speed of S minm. pet econd and another scale wa used 


which had a 2 second line in addition.‘ 


‘Due to the eflor of Dr Koss Kory Veterans Administration Ho pital Wood, Wis 


consin, & plastic sea with an attached pivoted str sightedge can be obtaimed trom Presco 


Plastic 121 North Broadwa Milwaukee, Wisconsin, This suitable for measure 
ments of the midvolume and at o the usual spirometric me wurements, including | second 


values and so forth, as the sre recorded by the 13.5-liter respirometer Warren b.. Collin 
555 Huntington Avenue, Boston 15, Massachusett It also may be used with the 9 liter 


respirometer ilteration of one scale 
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The results of this observation of norma adults ire presented in table 2. and 


ill volumes are body temperature, ambient pressure saturated, The ti i 
pacity Which was the inrgest olume of three or more maxima expiration 

showed a decrense hh persons Whe were more than filtv vears of age Phe men 
alue of maximal mice xpiratory flaw \IMI Vas approximately bo liters per 
second Thien Wi liters per second it decrense 


ifter filtv vears of age in both sexes. The tine required to expire the muadvoliure 
Was approximately 0.6 second in men and 0.5 second in women, with no change 
vith advane ng hie percentage ol the ital capacity vhich was xpired i! 
l and in 3 seconds did not change with age in men, but a small reduction in the 
l-second percentage Wits rved in older women 

Significant differences between sexes were observed in olume of ital en 
pacity maximal xpiratory flow mudex piratory time: and percentage ol thre 
ital capacity expired in | and in 2 seconds. Correlations that were signifieant 
but not strong, were found between MMF and the L-second percentage in both 
men 0.50) and women (1 and between MIME and vital « 
as per cent of the pred ted value (1S) in men (1 0.44) and women (1 O31 
The weakness of these correlations is of some assistance in the evaluation of a 
patient who shows borderline values in different tests 

Reproductiniity: Tn table 3 are given the results of comparisons between dit 
ferent observers measuring the same records; duplicate test ind duplieate test 
on the same persons on different days, one week to one month apart. The smatier 
numbers of persons for the l-second and 4-second values for vital capacity mids 
eate that at least one of the records was unsuitable for measurement because ol 
uncertamtyv about the initial deflection The only vsteratic difference noted 
were small increases of MIME on the second trial and the tendeney of one ob 
server to measure MMF approximately 5 to 4 per cent greater However. con 
siderable ination occurred from time to time with a of the measurement 


listed 


ppl cation in Chronu Bronchopulmona 


An example pre ented ol the elinieal utihityv of the mensturement ol 
maximal \piratory fle creed <piratory tine The records in LOO adult 
were selected from the departmental! files by alphabetic order of tate bitty 


patients peu ad al broneh i i thima or chrome bronehity i \ 


had primary diagne ‘ oft emphy \ ding 


noses were made on the basis of the histors results of physical examunation 
the roentgwenog iph ippearance of the thorax; and the results of tests of pu 
monary function, which included measurement of maximal breathing capacity 
ing capacity and it TLE hon is we is other appropriate 


iveruge ive vere Tor riitie filtv-lour yeas 


entilators 


number of these patient udged to present abnortial results of se 


test i which may be done with only a pirometer, 
table 4. The limits of normality correspond to two standard ce sitions from the 


except as Tollow hve predietiot formulas of Baldwin and 


a 

nid 
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with Bro 


oF Sprrocrarnic Tesrs on Heauruy 
Same record ome ired } twe 
observer ay 10S liter i* 
Same dia first test nus second test or Le 
\IMI 40 0 143 liter/se« i OAS 
second per cent of vital capacit St per cent 6 70 
> sere nd per cer af ital capacit 125 per ef t 4 
first test minu econd test 
i? tirst te tw econd te 
Midexpirator 0 O20 second 
\verage of da is average of day 2 ; 
Midexpirator time AY OY second 
l secomd per cent of ital capacit 1 6 per cent 1 i 
> secomd per tot vital capacit per cent 70) 
Signifieant adiflere 
PAKLE 4 2 
MME* 
Vil capacit per cent predicted 
Baldwin formulat 
beecond per cent of ital capacit Women per cents 
Men 03 per cent 
65 per cent predicted 4 
75 per cent predicted MY ‘ 
iwin ftormulat 
| second per cer f tal enpacit Won (2 per cent 
65 per cent 
Midexpuratory time IW) per cent predicted 
MIMI y) per ent predicted 14 
* The number the nght- hand eolun are |e than 13 because several pati 
MIME ilues of Mito OF per cent of predicts {had abnormal value for another te 
t Baldwit nd associate 
Bateman (1s 
§ Ninety five per cent of observations were between OS and 100 per cent ‘ : 
Ninet five per ent | beervation sere between 4 and 1) per cent ive 
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for il en md MBC w derived from several age groups within which 


the com iwiation were 15 to 20 per cent, suggesting a lower limit of 
normal ol appre itely Go per cent ol the predic ted value. The results of using 
a lower limit of 75 per cent are also given. Since the present subjects were eX 
itting po ition rather than supine, as Wis used in det ring the 


the 
the limit was increased to 75 per cent ol the prediv ted 


formula tor ital capacity 
VIMF, using appropriate age and for midexpira 
tory time and the |-second and 3 second value vere obtained from table 2 

It is evident that the least number of person had normal values for MMI 


values for the 


value. The normal values for 


and for miuce xpiratory tine followed by those vho had normal 
ital « and for Phe results of such compart 


l percent al 
present Results of all 


sons, however, depend on the type ind severity of disease 
vho had severe emphysema In patients who had 
the itul capacity and second percentage 


to detect abnormalities which were re vdily “up 


test vere i patient 
le pronounced pairimient 


ol ital capacits often failed 


parent by the other test \s already noted, the patients were s« lected arbitrarily 


wgnostic categories to illustrate the relative sensitivity ol the 


from two primary a) 
various tests without other sampling bias 
i In table 5, the data are grouped according to the ilies for MME. The best 


result of two or more trials of each test was used. In this table the well-known 


fact is illustrated that econ iderable degrees 
vital capacity because the patient ca 


\ period of 3 seconds ts ufficrently 


of obstructive pulmonary disease 


may not be accompanied by a reduced 


expel a large volume i enough time is taken 
long ay that puatient vheo ha e moderate unpairment are able to expire a normal 
Phe Baldwin formula for prediction of 


as noted by the present writers and mvestigators 


percentage vital capacity vields normal 


values which are too small 
vith the use of the formula, there 1s a failure to detect moderate 


Consequently 
which is based on the cube of height, is more 


reduction Phe Bateman formuta 


useful in the present writer experience 
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L./second 


Expiration 


Inspiration 


| second 


Fic. 4. Pneumotachogram obtamed during determination of maxin 
in the ime patient vith emphysema whose tracing is shown in figure 


enu oc con 


The failure of the MBC to detect moderate impairment wie 
| 


siderable degree by its failure to decrease in proportion to expiratory retarda 
tion. as shown in table 5. Both the spirographie records (figure 2) and the pneu 
Wt patients who had emphy ema (figure | how that a certam 


motac hograms ( 
al flow During 


amount of gas can be expelled at relatively high rates 


ment of MB patients use this amount of gas as the major part ot their tidal 


volume. thereby achieving a near maximal average rate of flow. Thus ts illu trated 
1, which is a pneumotachogram obtamed during measurement of the 


in figure 
figure | 


MIBC of the same patient whose forced maximal expiration | 


Similar records have been obtamed from other patients hier ema 


Phe midvolume, which can be expired much less rapidly, is not used by these 


effort. Measurement of the L-second percentage 


patients in performing a MIB 
of vital capacity fails to detect abnormalities when moderate reductions of both 


volume and flow coexist in a relationship which leaves the | econd percentage 


relatively unchanged 
It might be asked whether the MIME vielded values which w lv hugh 
Wel cle oti 


or low im relation to the patients Hipairmient Phe an 
the standards used, but is of purtroular iniportance When the « 


ind fail to show an abnormality \ thie 


the 


such as vital pacity 


clinieal findings and the results of all tests of pulmonary tunetion 


ineluded determination of residual volume and total lung capacity 


eolar concentration of nitrogen after the patient breathed oxyg niin 


lent hia 


itl 
utes, that all patients who had abnorma 


other abnormatitv 
Of the 13 patients who had values for MMF greater than the lower 


12 had vhich were bo per cent ol hort 


VW peer eent ob tormanu 
Other evidence also indicated that WHS pres¢ 


Phe remaiming patient had a \IMI 


nt theese patient 


although it was of only moderate degree 
vhich was 91 per cent ol normal howed normal value for all other tests of 
function. and had mild chronic bronchitis on clinical 


bronehitis oF emphy sema of moderate degree 


nation 


the MMI 


In chronic asthmaty 


3 
re) 
2 
3 
a\ 
il breathing capaci 
OF 
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appears to bear a closer relationship to dyspnea than does the MBC Although 
24 of the 100 patients had values for MBC (direetly measured) greater than 65 
per cent of the predicted value, 20 of the 24 complained of dyspnea. Only one of 
these 20, a patient vho had a large functional element had a MMF greater than 
per cent ol normal 

The relatively large retardation of the midexpiratory volume noted previously 

1): vas demonstrated in this group of patients In table 6 it may be 

noted that the retardation also increased with the severity of impairment, as 
judged by vital capacity or MBC 

The reproducibility on duplicate trials of several tests on the LOO patients 1s 
shown in table 7. A small mean increase of MBC was observed on the second 
trial. With all procedures, the differences between tests are suff iently large 
that at least duplicate trials are advisable for diagnostic categorization 


Three conventional measurements of vital capacity without an attempt at 


rapidity were made prior to the duplicate trials with rapidity. In 26 of the 100 


PALI 
mane \ ‘ EN 


oom 7 + 0.007 
5 + OO 


0.170 


1 we 
Jw 


oom | 


test were 1551 per minute; l-second per cent 


of vita MME wr second, midexpiratory time 2.07 seconds 


Significant differences 


1 
Recative ow Rate or Fiuow 
Rat Mean Rate 
ma Midhalf last Chuarte 
4 1.0 “ow 4 
4) + 3.0 4 
Vital eapacit 34 1.3 0.43 4 
* Valin isted are the mean and it tandard error 
FABLE 7 
Teat® Minus Second Test 
* Per Cent Mides 
at 
per con L/ sec nd 
> 104 1 0.040 
enn ¢ erenesr Z 

n. 4 0 70 0.056 
men 
First Test: Second Test 
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MAXIMAI 


patients chiefly in the more severely impaired group, the largest olume expired 
rapidly was less than per eent ol the lurygest volume expired lowly indy 
cates that a distinction must be made in patients ol this type between the eon 


entiona ital capacity and the total volume expired during a maximally rapid 


Disc 


Phe normal percentages ol the vital capacity expired 12 and 3 seconds are 


Similiar to the average “ities reported bv Csaensier (S Craenstier data were 


ayure gated low both sene of whom were yvoung wdult inal d not lide 
analysis of the among ubjyects Phe signifteant difference found be 
tween thee present study table vas not obser by Drutel and 


Dechoux (20) in subyeets in the third deeade of life. The present data tail to 
how a decrease of the percentage expired in | second by older met i fineling 
vhich has been noted by several French writers (20 22 Although the older 
subjects of the present study were, generally, vigorous for their age ind probably 
highly motivated thev exhibited a decline in vital « pacity vith age to an extent 
similar to that noted by the Fre och writers, as ited by ital es 
pacity divided by the badily surface area in square meter 
\ vanety ot deseription have been rmiade of the ol the pattern ol ¢ 

piratory flow as recorded by spirometers. [t often has been said to be a stramght 
line followed by a curve, the two parts being demareated by a ritical port 
which is sometimes diffieult to establish (5 7 93 984) A straight line on a spiro 
metric record imple that the rate of flow is constant Tri the present tidy, thus 
type of spirometry record has been obtained from normal subject nal from pa 
tients who had emphysema However pneumotachogt ins of several ofl 
persolis have been like those illustrated in figure | and have not shown an mnitial 
period of sustamed constant rate ol flow. However uch period have been ob 
served occasionally in pneumotachogram of normal person when the effort was 
somewhat submaximal. The early straight line in general 1 probably a damped 
recording of the initial “triangular” part of the pattern of flow Straight lines 
were not observed by Bernstein (15) in studies in which an impro ed spirometer 
was used. In patient who have emphysema, the eritical pout’ 1 related to the 
elbow” of the descending limb of the pattern of flow. that us, the rate of decrenss 
of flow more or le abruptly lessen Phis can be seen in the reports of Roche 
and Thivollet (6 and Dayman (25 and it has been seen to a variable degree i 


the hograms taken during hoth forced total « ‘pirat 
piration on patients with emphysema in the present study 


Spirometric records also have been le eribed a having the form of a hyper 
| 


bola or ola 28) Or double ential Although eertain 
spirometry recordings can be more or less well approxin ated by anv of these 


descriptions, this is partially the result of variable degrees of spirometric distor 
tion. The presence of large accelerations of volun beth Positive al d negative 
in expiratory pneumotachograms of norm i] persons and patients who have pul 
monary disease has been repeatedly observed for many year (O33) andi 


inconsistent with strict application of anv of these mathematical expre on 


effort 
| 
: 
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Several reasons exist for directing attention to the shape of the pattern of ex 
piratory flow, as accurately recorded by pneumotachograms Many measure 
ments have been proposed on the basis of spirometric recordings ‘These in lude 
the volume expired in 3.2 (8) and 1.5 (24) seconds, as well as in LO (5, 6,3 
0.75 (24), 0.6 (27 5 (6. 34). and 0.43 (27) second. Other measurements have 
heen the total mean rate of flow (2,35), the maximal rate of flow (46, 37 and 
the time required to expel 63 per cent of the total volume (27). Many reasons 
have been given for selection of these different methods, but emphasis has been 
placed lrequentiy on the relation between the pattern ol expiratory flow and the 
MBC. In fact, Tiffeneau’s procedure, which consists of multiplying the volume 
expired in L second by a faetor of 30 to obtain the indirect maximal breathing 
capacity videly used in France 

Variou tudies have shown that the mean rate of flow of the early part (1 
second or le of the forced ¢ xpiration ts correlated to varying degrees with the 
IBC as determined directly; Kennedy (24) found an approximate 1:1 relation 
Lip, using the volume expired in 0.75 second. This is not unexpected, since this 
period includes the maximal rate of expiratory flow, and the MBC in patients 
who have chronic pulmonary disease is usually limited by the expiratory rather 


than inspiratory flow. However, the pattern of flow during the early part of ex 


piration most liable to errors of measurement by spirometry because of the 


large accelerations of volume. Even if a measurement could be obtained from the 


single expiration which would be equal to the MBC measured directly, it would 
have disadvantages as well as advantages. It would, with a simpler procedure 
obtain an “indirect” MBC, This is attractive because there is much clinical ex 
perience Which shows the MBC to be useful, and no doubt it explains the numer 
ous studies of the correlation of the MBC with various segments of a single 
forced expiration. Bernstein and Kazantzis (38) recently have questioned the 
utility of such efforts on statistical and other grounds 

It is not the present purpose to enter the controversies about the execution, 
terminology, or interpretation of the MBC, but it is regarded as a clini ally use 
ful teat which is not synonymous with the single rapid expiration. A principal 
limitation of the MBC is that the patient’s obstructive impairment tends to be 


underestimated. Measurement of chiefly the early, relaty ely high rates of flow 


by either the observer lection on the record of a single expiration OF the pea 
tient’s selection during a MBC effort, ignores the inability to maimtain a high 


rate of flow. The relatively large retardation found during midexpiration is con 


sistent with current views on the mechanism of expir..ory obstruction in em 
physenin 25 30. 40). which views also indicate the reasons why a maximally 
rapid expiratory effort is such a useful test. Resistance to expiratory flow, to 
some degree in normal persons and to a greater extent in patients who have 
pulmonary emphysema, increases first, as the volume of the lungs decreases 
with an accompanying reduction in elastic pulmonary tension and in the «hi 


ameter of the airway; and, second, as voluntary expiratory effort ts increased 
In the latter situation, there is an accompanying rapid development of a high 


gradient of pressure between alveoli and airway, whi hin turn exerts a collapsing 
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foree on the airway. The testing procedure of maximally rapid and deep expira 
tian emphasize « the combined effect of these two obstructive tactor ind the 
resulting effect apparently achieves a maximal deviation from normality during 


expulsion of approximately the midvolume 


SUMMARY 


\ ventilatory test ol videly acknowledged utility | the performance ob a 
maximally rapid and deep expiration. Disagreement exists on the characteristy 
of the pattern of flow and on the method of measurement 

Study of pneumotachograms of healthy adults and of patient vho had pul 
monary emphysema confirmed the presence of large accelerations of volute 
during the first several tet ths of a second: these accelerator make acctrate 


recording by spirometers uncertain. However, the mean rate of flow and the 


titnie required lor ¢ ition ol the middle per eent of the total olume ¢ xpired 


maximal midexpiratory flow and midexpiratory titre could recorded if 
curately by a spirometer ol the conventional Benedict-Roth type. The expiratory 
retardation found in adult patients with ehronie bronchitis or enphysema wa 
found to be most pronounced during expulsion of the nudpart of a maximally 
cles and rapid expiration 

Normal standards for maximal midexpi itory flow and midexpiratory tine 
and measurements of the percentage ol the total volume « xprred n band 3 see 
onds. were obtained from a study of 140 healthy persons of both sexe ind of 
Various “ages Ane of the elinieal utility of these mensuremernt hich are 
simply and rapidly made, is presented, based on observations of 11M) patients 
who had chronic bronchopulmonary disesse Maximal midexpiratory flow and 
mide xpiratory time were found to be more sensitive as detector Hostructive 
pamment than were pre viously ised test ineluding ital « ity the 
centage of vital capacity expired in | and in 3 seconds, and maximal breathing 
capacity Phe last-named group of test tends to underestimate the extent ol 
obstructive impairment 

In more than two years ol daily clinieal use, the measuremet 
xpiratory flow and xpiratory tinue have pro eal to be 
ible. They ean be determined with sufficient accuracy by om ‘ pironmieter 
ind drum peed vhich are commercially a tw 
the customary entilatory measurements of ital capmcits cond percentage 
of vital capacity ind maximal breathing capacity, partieul 


named tests give borderline result 


StEMAKIO 


4 
‘ Ve ratoria Va 
Una prueba vent de utilidad amplamente reconocida ¢ eyecu ‘ 
piracion ripida y profund 1 te desacuerdo acer las caracteriatican 
le la eorrente metodo ce medic 
extudio de neumot yramas de adu ne de entermos que han 
fisema pulmonar presenera cde eran pe surante 
primeras varias de segundo, ¢ prest incertidumbre al registro 


iva. bin més de do 
piratoria m&xima y del tiempo mesoespiratorio 


if irias cou sulicients ‘ por medio 


en, pur 


pactdad vital l poreent 


rick 


Resumt 
erpiratoire marin 


notomre cof 


‘ ‘ on precision pire 
temp prour 
miexpiratoire et temps mi expiratoire preva 
spirométre de type Benedict Roth classique. Le 
rvé chez le malade adulte atteint d’emph ere 
chronique trouve le plu weentué au cours ce expulsion 
une expiration de rapidité et profondeur maxima 
\piratoire ¢ ie tetips mii expiratoire 
et nit ‘ pourcentuage du volume total « ypire en une et en trots 
tal ‘ chez 140 sujet uns des deux 
arid ln ‘ | clinique « es déterminatior dont imple 
et rapide ithons faites chez 100 patient d’affeections bron 
cho pulmeor détut miexpiratoire maximum ef temps mi-expiratoiue 
maximum ont ot comme tndicateurs d \ «jue 
le il ompr jcupacite vitale, le pourcen ‘ capacite 
i respiratoire groupe 
tionnés ext « une sous-estimation de l'étendue des | 
obatructive Au cours de plu " d’usage quotidien en clinique, les mensur 
tions du débit mi expiratoire maximum et du temps miexpiratoire maximum ont déemontre 
leur valet t implieité. Elles peuvent étre déterminées avee une précision sulfisante 
purom et des tambours enregistreure duo comme mesure 


pletent utilement Ie déterminations classiques de ventilation ce capaciteé vitae 


r (i Te 
— 
LEU ALLE FOWLEI 
— @exacto peo od le espirometro Sin embargo, la velocidad media de la cornmente de aire 
re werd espiractot por vento qur repr enta egmento medio 
lel tot ‘ } eornmente te eepiratoria ma trempo me , reo 
pudieror ‘ tamente cot in eapirol etro ce » corrmente ae lh ed t 
a ‘ ratoriaa er witiiter le bronmqguit oenhema 
eronicos ‘ acentuado durante la expulsion de la pores media de una espit 
enon he »de profundidad rapidez 
ag 
4 Por medio del estudio de 140 persona inas de amin Oxo de varias edace eo 
Luvieron | it hor ‘ para ia cormente m espiratoria Makita home por 
entajye del @spirade en une en tre egundo (iirécese un eyemplo de la 
we medicine jue e ejecutat ene! i rapidamente i base de obs 
whom ‘ wie ferme que tet al sfecc ton Dbroncopulin onar eronica | 
pil ria ma na ‘ mesoespiratorio re iltaron er descubridore na 
le la nei oclusiva que la prueba isudas antenormente, ¢ iprendiendo 
pachiad ‘ porcentayse de la i vitaie¢ pirade en une en tre egundo 
an la capacidad respiratoria maxima | yrupe ce ‘ tiende a rebajar la ex 
tin i” hare, | hi 
fe ln corre e han mostrado 
eneiila Cabe deter: rivet ro 
vital en us gunde capacidad —««», en particular cuando esta 
pr lan resultados indecise 
2 
um 
tn test de ventilatio dans la pratique de expiration de rap 
+ dité et dey tin ma. existe un désaceord juant aux de ia courte 
AT if} ‘ } met ratior 
i, 
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INTRODLCTION 


Lhe pre report coneerned with VSIS of the 
tients with spontaneous pheumothorax vho were een ut the State 
of lowa Ho pitals between the vears LOSS and 1955. During the ist 
of these patient have been subjects riots types of pulmonary reser 
lor the treatment of the port iX recently 
have considered spontaneous pneumothorax a not too danger disorder 


hiss ‘ ipproache | the management ol the problem \ | 


MANIFESTATIONS OF SPONTANEOUS PNEL MOTIIORA 


Phe sudden collap e ot the lig due toa Pri pore uinothoran 
MAL wal by seve chest peat ind shortness of breath. 
ocensionally be confused with that due to mvoeardial pcheniua. dissectu 
Spontaneous rupture of the esophagu other vite 
emergence Phe history of previous simular episodes, however, should 


suspect thre possibility of a spontaneou pneumothorax Try the present se 


per cent of the puatient hada dramatically sudden and se re onset of the 


tom \ more on has been observed and LO per 
of the patients. Some of them presented themselves i | vith pneu 


ol weer or month duration 


iptire 
Spont pheumothorar occurs in patients of 
edence the early and middle we group figure 
order occurs usually in otherwise healthy ntil two 
erroneously linked with pulmonary tuberetloss 1,205), but during reeent 
pheumothoras unrelated to tubereuloss has been recognized 
separate clinical entity Havashi (6 ina report written in eke 
the mechanism of produc tion ol a spontaneou ix. He demon 
On material a ilvelike action of the se irred pertbronehiolar 
base ol ubpleura restilting in rupture ol the ubpleura 
the pleura oncept wa corroborated by Fischer (7) in 
ugyvested that surgical intervention naught be mdieated tor this disorder 


of the two writer vas able to explain the reason for the formation of 


of the ubpleural Kjergaard 1032 reported filtv-one 
| jere 


— 
pret 
t\ 
corti 
ti 
i i a 
he 
the 
rites 
tina 
thes 
pratient 
From the ent Surger Division of Thoracie Surger State ersit if 
lowan. ege of Medicine, lowa Cit le 
Presented before he Miedieal Se hot art of Sertiar st the nu meeting of 
the Pubereu \ ition, Milwaukee, Wises May 23. 1055 


with spontaneo pheumothor ix. He also pout 1 out that this disease has 
etiologic connection with active pulmonary tuberculosis (4, 8 

Although most re port how «4 preponde rance ol spontaneous pheun othorace 
in the male, in the present series 45 patients (S82 per cent) were males and 
(18 per cent) were females. As far as could be eli ited, 25 of the 52 patients gave 
a history at the time of admission of a total of 106 previous pneumothorace 
The pre rously expe rienced ¢ pisodes occurred 75 times on the same side which 
was involved at the time of admission to the hospital The contralateral side was 


mvolved 23 tine and on 8 oceasions the patients experrence 1 previous bilateral 
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MONTHS 


Duration of pneumothorax prior to Most of the 


themselves on the first day of onset of symptom 


NO of PATIENTS 


WO of PATIENTS with 
THORACOTOMIES 


AGE om 


hia 2. Demonstrating the greatest incidence of spontaneous pre umothorax the twent 
to tift ear age span an o the age mmeidence in which thoracotom and res ym of the 


subpleural tblet were employer 
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RESECTION IN SPONTANEOUS PNEUMOTHORAN SOS 


pneumothoraces (9, 10, The distribution of the pneumothoraces as to sie 
involved at the time of admission was, as one might expect rather equal 
Bilateral involvement was present at the time of a imussion in 5 cases (12 figure 
3). The duration of the pneumothorax prior to admission varied from a few hour 
to more than six months vgrentest number ol porate its were seen during thie 
first few hours after onset (figure 1). Ot the 52 patients 12 (Sd per cent presented 
themselves with either a complete or severe tension pneumothorax Qniv 10 
patients were seen with marginal collapse of moderate degree Severe accom 
panying hemothorax was observed in 3 patients (6 per cent 13). The bleeding 


in those patients Was ol sufficrent degree to eause severe shock fivure 4 


NUMBER PERCENT 
RIGHT 24 
LEFT 23 
BILATERAL. 5 


ria. 3 Showing distribution of the side involved at the time of admission to the ho puta 


MARGINAL 10 
COMPLETE 26 
TENSION 16 


ACCOMPANYING SEVERE 


HEMOTHORAX 3 


Fic. 4. Demonstrating the degree of pneumothorax encountered 


NON-KESECTIONAL TREATMENT 


marginal pheumothorace shave been treated by needle ispiration 
in 7 of the patients of the present series In the early years of the study, many 
patients were managed without the employment of any active therapy even 
though thes pres nted themselves with comple te inothornces Phe re 
pansion ol the lung in this group iis lar can be aseertamed has been 
laved. Many of these patients were discharged with tmcompletely expanded 
lungs. For more severe degrees of initial pneumothorax, intercostal underwater 
seal draimage without suction was ¢ mploved 14,15 This was the case im 12 of 
the 52 patients in this series (figure 5 Phe writers have not used other method 
of therapy such as phrenic crush, closed pneumonolysis, poudrage, mestillation 


of blood or selero trasate rial waite the ple ural space 14, 16, 17 


THORACOTOMY AND 


It is believed that in patients with repetitive or severe pneumothoraces a pri 
mary thoracotomy is indicated (17 21 (omplieation uch as hemopneume 
thorax or severe tension pneumothorax with the presence of a large bronche 
pleural fistula, often held open by pleural idhesions, are more easily and safely 


managed by open surgical intervention 
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In the present sere thorneotomyv and resection of the subpleural blebs were 


ach of these patients exhibited ruptured subpleural 
\lost of them also had adhesive bands bet ween 
blebs were located m the 


carried out patient 
blebs and bronmehopleural fistula 
the involved lung and adjacent chest wall. All of the 
apical segments of the upper lobes except in two tistances It was possible to 


perform a simple wedge exeision of the involved tissue in 16 patients while 


“eymental resection Was necessary twree and lobectomy was employe fin one 


patient tuble | 


FABLE. | 
PNet MoTHORAGT 
Demonstrating Type of Management and Average Hospital Stay of the 52 
Reported Patient 


Thoracotomy and reseetion 
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Lobectom 
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SPONTANEOLS PNEL 


Photomicrograph of exemed ruptured sulbpleural blely demonstrating | 


pecific penbronchiolar scarring and the bronchiolar pleural fistula (see arrow 


‘ toentgenag 


the right upper 


KSECTION 
‘ 
> 
bic. g distended subpleural bleb present in the apieal portion 
of Phe remaining ling ix atelectatic 


hia. & Roentgenogram showing hemopneumothora Note the large distended 


pleural bleb visible above the flund level ce arrow 


Vechanism of spontancous preumothoras The basic pathophysiology produc 


prontanectis pneumothorax has been deseribed in the pust by a number 


of writers (4. 6-8. 19. 20, 24 All have noticed the localized subpleural non 


pecific scarring of the peribronchiolar tissue, the formation of interstitial 


emphysema resulting in elevation of the overlying pleura, and subpleural cyst 


0 A. Chest roentgenogram demonstrating the completely ateleetatr ft lung ane 


the distended subpleural er arrow Operative photograph of the subpleural 


blely loeated on the iperior segment of the left lower lol 
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i short hospital stay torbidityv or mortality 


charged with completely expanded lung Recurrences of 
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Pia. Rowenta erat he chest with poeumethorax Subpleural 
blet ure ‘ e BB. Bronehogram demonstrating the apreal subpleur Note the 
wl thw ing parenchyma in the wn freon arrow 

erate (4, 15 
gest period of observation extended over the last 


one was due to inadequate intercostal dramage im a patient with bilateral 
preumothorax 


St MMAKY 


An analysis of 52 patients vith spontaneous pheumothorace s has beer pre 
«ented. Nineteen of these patient ave been ubjected to thoracotomy and 
resection of ruptured subpleural bl Active pulmonary tuberculosis has net 
been found to be an ethologic lactor 

It is believed that repetitive and severe tension pneumothoraces, as well as 
hemopneumothoraces, should be tre ated by immediate exploratory thoracotomy 
Visualization of subpleural blebs in a spontaneous pneumothorax in hest roent 
yenogramns also constitutes an indieation for their 


Underwater seal drainage may be employed in miatial and minimal degrees of 


preumothorax It also must be used as an emergency measure in patients vith 


tension or bilateral pneumothoraces. Needle aspiration and expectant manage 
ment seldom result in prompt and complete re-expanston ol the lung. The 
incidence of recurrence ts high with this latter type of treatment The 
resectional therapy resulted in’ a mortality of 5.7 per cent in th 
patient 

Phoracotomy and excision of ruptured ubpleural blebs pro ide tor eradien 
tion of the lesion and result in prompt and complete expatision ol the lung 


Chis form of treatment has prevented further recurrences ob peut thorax 


Pres@ntase un an de o2 entertie es pontanes die 


han sudo toracotomin ‘ che elena ibpleur 


La tubereculost p etiologies 


los neumotorace infladse tile ‘ iguaimente bo hemione 


er tratados con la tor otom <ploradora mmediata, La mualizacion ef 


torhein le thetena mn es pon lanes cot 
indicacion para la hon el minis 


emp le apes el drenaje cerrado bajo agua, que debe tamlnen saree como medida de ut 


en los enfermos que muestran inflados o bilateral La aspiracion ¢ 


la asistencia expectativa rara vez logran la ree xXpatiston rapids total del 


ilta la ineidencia de recurrencias con esa fortia le itamiento. La terapéuty expecta 
tiva dio por resultads ina mortalidad de 5.7 por ciento en esta sene de entermo La torace 
la excision ubpleurale otas obtrenen la erradiene 

dan por resultade la on prota completa ce 


hia nue recurrener 
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Présentationde analyse de 52 casde pneumothorax spontané, Dix neut leces malades ont 
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che es pater ilfeete le poeumeothora OUs Le traitement pot 
| tion ala sonde ou Vattente ont rarement proc ef complete reexpanstot 
lu pou Dats lernieres comeditvor | idence des récidives est élevée. L'expecta 
tive ‘ ‘ ortalité de 57°) dans cette rie dle La thoraeotomie et Lex 
Crest ille i pole ‘ irent lL eradieutto | et produment 
ple et complete re nsion du poumon. Cette forme de traitement a preyvenu 
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TUBERCULOSIS OF THE BREAST 
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INTRODUCTION 


Phe present report coneerned with a review of the subjeet of tuberculosps ol 
the breast and the presentation of the experrence vith 10 cases at the New York 
Ile pital Cornell Center, The occasion which immediately prompted 
the review was ¢ vith a vith a history of previews t iberculoss 


of the breast 


Phe patient ole oman who had had her right bere 
loxis at the He pitalin No other focus of tuberculoss 
at that tome ane «he mygiven | gm of dibvdrostreptomyvern 


weeks postoperative hich | present is 


tuberculous meningitis two months following tasteetom 
mtramuectitari itrathecal In the course of onvalescence he 
chagtosts of optie atraph Phi it t came tinder the 
m 1052 when her sixth pregiane In the past exghteen year 
full term deliv 1 1 i premature delivery in 1945, and three 

in 1946, aed was delivered of a normal mfant weighing 


1053, and m now in her vth month of ge ition 


In reviewing this patient's history, the writer realized that he had never seer 
a case of tuberculosis of the breast ina pregnant woman. A review of all ot the tull 
term and premature deliver patients with extrapulmonary 
tuberculosis at the Woman's Clinic of the New York Hospital revealed that trom 
1032 through December, 1054, 745 pregnant patients with tuberculosis 
delivered. In none of these patients was tuberculosis of the breast present. In 
searching the records of the surgical service of the same hospital, LO cases were 
found. from 1032 to the present time, in which the patients had been operated 
on for tuberculosis of the breast. An analysis of these LO eases is the basis of this 


report 


INCTDENGI 


Since the first ce eription ofl tuberculosis of the breast in [S20 by Sur Astley 
vheo recorded erotulous “We lings iti the bosom’ ol young women 


with enlargement ot the cervical vlads approximately 520 cases have been re 


ported In Morgen (2) collected 139) cases und subsequently ipprox 
mately 75 have deseribed the New York Hospital in 


the past five years, 2 patients were found to have tuberculosis of the breast in 
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2.141 operations on the female breast. There were 556 malignant and 1585 
benwn lesions removed during this riod. This inerdence oft one 
per |LOOO corresponds to that at the Memorial Hospital However, the imei 
dence of tuberculosis of the breast reporte | from: other tostitutions ranges from 
to LA per cent 

It is of interest to note that tuberculous mastitis is not usually associated with 
the more advanced stage of pulmonary tuberculosis. The writer has observed 
only 2 patients with tuberculosis of the breast, neither of whom was a pregnant 
vornan, among several thousand patients with far advanced tuberculosis at Sea 
View and Triboro hospitals in New York. Raw (10) states that in thirty vears’ 
experience ino a tuberculosis sanatormim, where he saw more than LO.000 pa 
Hents, only seven cases of tuberculous mastitis were recorded, and three of these 
ith tien 

ol the cases reported in the literature have been desertbed as 
curring in the child-bearing age. In this group, from twenty to forty vears of age 
tuberciilosis is most prevalent. Tn the present series ob LO > patients were 
more than sixtv vears of age (the oldest was seventy-two » patients were lw 
tween forty-five and fifty veaurs, and } patients were between the ages of twenty 


and forty-four vears. Deaver and MeFarland reports that 70 per cent of 


thei patients were trom twenty to filtv vears of age Schiples and Spencer 


state that the average age of their patients Was forty-lour vear 


the past, large of cases of breast tuberculosis have been meorreetly 
Classified as primary. This is an unfortunate misnomer, for most of these lesion 
were undoubtedly secondary to a focus elsewhere in the body and reaehed the 
breast by one of several routes which will be deseribed. While it is true that the 
breast may be the only organ showing clinteal evidence of tuberculosis, absolute 
prool that the primary disease began in the breast 1 il ae 
“titopsy shows the tuberculous lesion to be limited to the breast or the breast 
lesion to be the oldest tuberculous process in the body. No proof was offered in 
these so-called primary cases other than that the patient Was in appare ntly good 
health and had ne previots history of active tuberculous mfeetron. Tt is the 
writer Opinion that primary tuberculosis of the breast is extremely uncommon 
ind should be reserved for the rare instance in whieh direct moculation of thie 
bore eccurs trom an needle or Such a case was ce eribed 
by Deaver and MeFarland: a nurse who fell on an infected instrument deve leoprecd 
tuberculosis of her breast directly thereafter (4 

Phe cutaneous covering of the breast or nipple may become mvolved in a 
tuberculous process in the same manner as lupus of other areas 1 produced 
(Clases of mammary tuberctulosis have been re ported in Which the organism gained 
entrance to the tissue through abrasions in the skin and nipple Whether in 
fection can occur through the lactiferous duets is diffieult to prove in the late 


stages of the infection when the mterstitial ty ue 
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The secondary type, in whieh the patient has a history of tuberculosis or pre 
vents herself with tuberculosis in the adjacent tissues, ts undoubtedly the 
mode of im erent ol the breast by tuberetilosi-s The tollowing route 


have been dese 


Luymphat pread yrile 
tuberctllous node repute 
the « ‘ or moc whiel 


occurs. 


the 


the LO patient 
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Hematoge nou pread 


hin we reported 


rt four ntitopse on patient 
tuberculosis Not 


eulosis the bre tha 
internal organs or Wiclespre 


blocks of sectrons trom ¢ 


PREDISPOSING FACTO 


Parity: Auspach (16) found that 47.5 per cent of Torty patients with tubereu 
children, and Deaver and Mekarland (4) rr ported 
Lhe present 


losis of the breast had borne 


that ol percent of forty-five patient pre 
writer has not obser ed tuberculosis ol the breast during of immediately tollow 
ing pregnancy in more than 12000 patients vho had pulmonary or extrapul 


monary tuberculo It vould that the changes vlental to 


do mot predispose to tuberculous ol the breust 


Lactation: Lactation has been termed an important pre lisposing cause ol 


tuberculous 7 This diffieult to prove Phat a woman nurses her 
breast is not sufficient 
Morgen (2) found 


child many vears belore developing tuberculosis of the 


reason for ascribing the tubereulots mfeection to heetation 


that only cl patients with 
vho had delivers | children, cid hot 


tuberculosis of the breust had children 


the Iso breast lew | Sine 


both anal niothers hin cle elope | tuberctilosis al the 


breast om larger proportions than have patients whe have nursed their children, 
it seems rensonable to infer that lactation dloes mot i prominent on the 


le veloproent of tuberculosis of the breast It show tu recorded however that 


| vtension trom 
to the brenst 
| 
ss ject volvement of the axillary nodes was noted in JEEP cent of the en 
17 of the present 
literature (2,4, 11, 12) and was present ine of 

| | | 
structure Phe active focus of tubereulo we the 
| 
| mtochonedra Direct of tubs il the 
under ol) buns beeen clescribeet Pwo patient } leveloped 

‘ tut veve 
tuberculots empyetna 

tul 

the uw extended? tere t 

Ute wtiferous ducts 1 nitinte 
the breasts. but this route rare 

infection of the breast from the blood strean 
(15) was unable to demonstrate miliary 
vho had tuberculosis of the 

did he examine several 
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othe Wotan 


= pratie tits with tuberculosis are tot allows to breast fowd 
them mtants 


Tra 


Praumoiatye injury ol the breast is rarely followed by tuberculous i 


fection. In five of the forty eight sor-cralle 1 primary causes reported by Deaver and 
MekFarland, trauma seemed influential mm the development of the tuberculou 
Process Morgen states that 7 per cent of the 439 cases he collected from the 


literature gave a history of trauma. The view has been advanced that injury to 


an organ may produce an aurea of decreased resistance. as has been deseribed in 


hones and joints, and thus a latent focus of infection in the breast or in adjacent 


structures may be meted to activity by the trauma 


mastiti In some of the series aol tuberculous reported, 
history of suppurative mastitis antedated the tuberculous process from: one to 
thirty-seven years. Deaver quotes Scudder’s series of 53 cases in which half the 


patients had borne children and ISS per cent had had a previous attack of 


tnastitis. An acute pyogenic mastitis may immediately precede, or occur com 


eidently with, a tuberculous infeetion of the breast. 


Puberculosis of the usually tulateral and in only a few pistanes 


have both breasts been mvolved This is in contrast to the usual tendeneyv of the 
tubercle bacillus to affeet each of bilateral organs (lung kidney tealleopoicans triln 
epididymis). the 


view that tuberculous mastitis rarely results from a 
hematogenous infection. The following 


ke enibed 


of tuberculous mastitis have been 


cmanated conftlucn The majority « of tubers 


rete, modu iret The skin is usual unbroken am 


the under! y structure Depending « th 
y fluctuation whiel ih 
the rem dole Prowre won 


production of one or more sin 


confluent t may be diffused throughout 


onfluent om ral ‘ The 


tuberculous tin mt common! 
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of 
Fig. 1 (Left). Mieroseopie section revealing normal elements of the breast in the upper 


portion and a tubercle in the lower portion 
Pia. 2 ight Viicroscopie section howimg a tubereulou of the breast in whieh 
numerous giant cell ire seen 
Vicroscopu ppearance 


The COpPLe Appearances of tuberculosis ol the breast os to that of 


tuberculosis in other organs. In figure | are revealed normal elements of breast 


namely acim, commecl)Ve and fat in the upper portion of the section Phere 


ix a diffuse infiltration with lymphoeytes. In the lower portion of the seetion a 
tubercle he seen Whieh eontaiis epithe lion cells ane cells, and Which 
~ surrounded by a zone of lymphocytes 

When only a biopsy or aspiration of a breast leston te tuken, there may be no 
evidence of normal breast structures on mieroscopt examination. Shown in 
figure 2 is a tuberculous abscess of the breast in which an area of caseation Is 
present, as are numerous guint cells. A small area of stratified squamous epi 


thelium (skin) may be seen in the upper left area of the section 


VW. tuberculosis his been cultured from: breast lesions and has also been found 
on direct smear. In seven of Deaver’s seventy-nine cases tubercle baciHh were 
recognized on microscopy of direct st tined smears. The diagnosis of tuberculosis 
has also been made by aspirating tm iterial from a breast abscess and moculating 
it inte guinea pigs. In the past, tubercle bacilli of bovine origin have treque ntly 
heen identified but, with the improved technique of bacteriologic examinations 
and with the almost universal practice of pasteurizing mulk, tubercle bacilh of 


human origin will probably be more frequently found. It would appear to be a 


i 
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worthwhile procedure, particularly in those instances of breast abscess in which 


only an imeiion and drainage ot the lesion are done and no material is removed tor 
examination, to do a complet bactenologic examination bor tubercle 


bach, including direct smears, cultures, and guinea pig moculations 


SYMPTOMS 


Phe most frequent initial symptom of tuberculous mastitis is a painless lamp 
Phis has been noted in 65 to 75 per cent of the eases reported. The lump grad 
ually increases in size and may or may not become fixed to the skin. Pain is an 
infrequent initial symptom but may oecur later in the disease in the course of 
abseess formation. Axillary lymph node enlargement is present in SO to 75 per 
cent of the patients ind frequently risa precede the ce elopment of the breast 
«welling. The disease progresses, if untreated, for a period of several months and 
an abscess may form whieh either ruptures or is incised, resulting in the fornia 
tion of draining sinuses. Oeeasionally, secondary infection with pyogente or 
ganisms produces a more acute course 

In the s« lerosing type the mass becomes hard an | fixed to the skin and deeper 
structures. Depending on its proximity to the central portion of the breast, the 


process may catise re traction of the nipple 


Puberculous mastitis may oceur in patients who appear in apparent good 
health ce spite the fact that unrecognized foci of tuberculosis may bn present in 
other parts ol the body Phe upper outer quadrant of the breast is most tre 
quently invelved, due to the proximity of the axillary lymph nodes trom which 
retrograde ie extension occurs. Llowever, any portion ol the breast 
be affeeted, including the central portion under the nipple. A nontender, nodular 
mass is usually the first sign detec ted. Redness and tenderness of the skin over 
lying the mass are signs that develop if the condition progresses to abscess Lorna 
tion. Deaver and Mackarland have deseribed retraction of the 
proximately one-third of seventy-nine cases. Discharge from the nipple is not a 
frequent sign. Fistulae occur in approximately one-third of the eases (4, TI 

The appearance of the breast depends on the type and extent of the under 
lying disease. In the nodular type, no enlargement of the breast may be ch 
cernible, whereas, in the confluent type, the involved breast may appear en 
larged. Fluctuation with abscess formation and redive of the skin os found in 
patients who present themselves late in the course of the disease. In the selero 
ing type the breast may appear smaller, and retraction of the skin and fixation 


to the deeper structures may be apparent 


STUDY OF THE 


tudy of the tuberculous breast has been deserbed by Moore 
and Hamilton (1S). A defiaeney of glandular tissue is noted, the strae are in 


tact, and the mass appears relatively localized. In contrast to these findings, the 
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breast harboring malignant disease shows a destruction of the striae, a less dense 


opacity, and a mass which appears to extend beyond the confines of the gland 


(12). The presence of sinus tracts, caleifieation, or caseation in a roentgenogram 


of the breast is said to be pathognonions of tuberculosis 


LYMPH NODE INVOLVEMENT 


Phe axillary lymph nodes on the same side as the involved breast are enlarged 
in 0 to 75 per cent of the eases. In the majority of cases the nodes are tuber 
eulous and. as mentioned above, in some instances the tuberculous adenitis may 
precede the development of the breast lesion. However, secondary infection ot 
the tuberculous lesion of the breast with pyogenic organisms may result im a 


simple hyperplastic adenitis of a nontubereulous nature 


DIFFERENTIAL DIAGNOSES 


Because of the rarity of tuberculosis of the breast, its similarity to other con 
ditions which involve the breast, and the fact that it is seldom correctly diag 
nosed preoperatively, the several other conditions for which tuberculosis ts 
mistaken will be briefly mentioned 

Before tuberculous mastitis has progressed to the stage of sinus formation and 
when only a lump is palpable in the breast, it may be mistaken for carcinoma, 
it fibro-epithelial type of tumor, chronic eystic mastitis, pyogenic mastitis, 
vumma, sarcoma, and actinomyecosis. Carcinoma has been most frequently diag 
nosed in patients with tuberculous mastitis, particularly in the sclerosing type, 
but alse in the nodular type when fixation of the skin and axillary adenopathy 
are present \s a rule, tuberculous mastitis occurs at an earlier age than car 
cinoma and progresses more rapidly Some of the tuberculous lesions are quite 
large when the patient first: presents herself and, in the absence of extensive 
metastasis in such a patient, the lesion is more apt to he tuberculosis than car 
cinoma. Discharge from the nipple, when present, is more often purulent in 
tuberculosis, whereas it is serous or bloody in carcinoma 

Benign fibro-epithelial tumors (adenoma. fibro-adenoma, fibroma) are usually 
freely movable, cireumseribed, present no skin involvement, and are not asso 
ciated with axillary lymph node enlargement. Chronie cystic mastitis is ustually 
of longer duration than tuberculosis. It is frequently bilateral and is more pro 
nounced several days before the onset of menstruation. Skin involvement and 
sinus formation rarely occur with chronic cystic mastitis. Pyogente mastitis runs 
a more acute course than tuberculous mastitis. In some instances tuberculous 
mastitis mav result mn abscess formation and secondary infection with other 
Bactenologi examination. of the abscess material may occa 
sionally reveal tubercle bacilli. After incision and drainage, the pyogenic ab 
seess usually heals promptly, whereas the tuberculous abscess may form chroni 
sinuses, Serologic tests for swphilis will aid in the diagnosis of a gumma of the 
breast, although a positive serologic reaction is not to be taken as definite evi 
dence that the breast lesion is not tuberculous since patients with tuberculosis 


may also have syphilis. Darkfield examination of susprerous lesions for 7 
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pallidum may prove tise ful insuch cases. may resemble tuberculou 
mastitis in so far as it forms multiple sinuses. The presence of sulphur granules 
and the identification of the ray fungus will reveal the correct diagnosis 

It is apparent that the differential diagnosis of tuberculosis from other breast 
lesions is not simple Biopsy for histolowie study and complete 


examination afford the only dependable means of accurate diagnosis 


PREATMENT 


In addition to the local treatment of tuberculous mastitis, such general meas 
ures as proper rest, diet, and a careful search for other toe: of tuberculosis are of 
Before the availability of antimicrobial therapy the treatment wa 
usually surgical, the procedures varying from curettage, cauterization, imyectior 
of the sinuses and cavities aspiration and ineision of abseess, to radical ron 
tectomy and axillary vinph vlan 1 clissection nigen-ray therapy md heli 
therapy were also ed, ocensionally alone, but is a or postoperative 
adjuvant. Ada has stated, “Frequently a local segmental removal of the 
breast is not curative, because the sinus tracts are tortuous and the operator is 
quite apt to leave behind an area of tuberculous mastitis in which another ab 
scess will deve lop ater \lany operators have advocated it 
all cases and believe that this is the most conservative ther ips 

An electrosurgical technique employing a transverse ineiion has been ce 
scribed by Moore and Hamilton (1S) tor the treatment of tuberculosis of the 
breast. The advantages clanmed for this method over the more orthodox s« ilpel 


technique are that it prevents local recurrences and the meiions are miade nore 


quickly and with less trauma. The electrosurgical technique is not only hen 


static but also seals tissue spaces, eliminating the danger of dissemunation and 
the opportunity for formation of a focus of infection in the severed tissue 

Although only a few case have been treated preoperatively vith antimicrobial 
therapy and none have received adequate doses by present tundards, the writer 
believes that surgical treatment of tuberculous mastitis will become troditied by 
the use of the newer antimicrohial drugs. A tew patient have received trepto 
mvemn-PAS postoperatively and the results, as far as healing of the operative 
site is concerned, were good, It would appear, judging from the reaetion of tu 
berculosis to antimicrobial therapy in other organs, that the best treatm 
tuberculous mastitis would be a preoperative course of antimicrobial drugs, to 
include streptomycin or tsomazid along with PAS. In the presence of sinus tract 
and abscess formation, isoniazid, because of its ability to penetrate deeper mito 
tuberculous cavities than streptomycin, should be the preferred drug. Tn the 
absence of any active tuberculous lesion elsewhere in the body, streptomycin may 
be used in conjunction with it. Tf other tuberculous foc: are present and pro 
longed therapy tor them is contemplated PAS may be used with the onimzil 
and streptomyern may be kept in reserve tor future compleation The anti 
microbial nyents hould be given tor a period olat month Postopern 
tively, depending on the presence or absence of other tuberculous toe 


The al operative procedure tor 1 nds on the extent of the 
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lesion. All tuberculous foci in the breast should be removed as well as all tuber 
culous axillary lyroph nodes. This may require simple mastectomy oF local re 
moval of the infected section of the breast with a margin of normal tissue The 
danger of local recurrence will be greatly re luced by the employment of anti 
nucrotnal agents preoperath ely, and better wound healing can be exper ted In 
the event that tuberculous mastitis is first discovered postoperatively by micro 
scopic examination, a course of antimierobial drugs is in lieated. Lf all foe: of 
tuberculosis have been removed, no further operative measures are necessary 
However, if inadequate procedures, such as incision and dramage, or curettage 
of the abscess cavity have been done, the patient should be reoperated upon 
after three months of antimicrobial therapy and the tuberculous foci in the 
breast removed 

In tables | to 3 a compilation of the data from the 10 patients with tuber 
culosis of the breast who were operated upon at the New York Hospital from 
1032 through 1954 are given 

There were 8 white and 2 non-white patients. The youngest woman was 20 
and the oldest 72: the average age was 45.2 vears. Seven patients were married 
and 3 were single. Four patients had borne children; 6 had never been pregnant 
In only 2 of the 10 patients Wits a family history of tuberculosis elicited and only 
one of the 10 patients was aware of a past history of tuberculosis, Chest roent 
genograms were negative for tuberculosis in S patients, showed «a healed hilar 
node in one patient and active pulmonary tuberculosis in another. The general 
health of 5 of the LO patients on admission to the hospital was good, One patient 


was admitted in heart failure, and the lump in the breast was noted on routine 


physical examination, one patient had been treated for syphilis; one patient had 


diabetes; one patient had a concomitant carcinoma of the breast. The one pa- 
tient with bilateral pulmonary tuberculosis and tuberculosis of the spine was in 
condition 

In none of the potients was a history of lactation obtained which immediately 
preceded the onset of symptoms Irritation by the cast im the patient who had 
tuberculosis of the spine and injury from being struck by a handle bar of a bi 
evele three and one-half years previously were the only instances where trauma 
was remotely implicated in the development of tuberculosis of the breast in these 
10 patients 

The nght breast was involved in 6 patients the left in 4. The duration of symp 
toms varied from no symptoms in the 2 patients in whom a lump in the breast 
was palpated on routine physical examination to two and one-half years. Six 
patients had symptoms for one to four weeks before seeking medical attention; 
one patient had symptoms for three months: and one for two and one-half years 
Phe presenting complaint was a lump in the breast in 4 patients, a lump asso 
ciated with pain inh an additional 4 patients, and ne syinptotis i y 4 patients 
Seven of the 10 patients complained of pain in the breast in the course of thei 
illness. The mass was located in the upper outer quadrant in 6 patients, mn the 
lower middle portion of the breast in 2 patients, in the inner upper quadrant in 


one patient, and under the nipple mone patient 
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New York Hosprrat Series or or ture Keeast 


Tuberculous mastitis 
drainage Tuberculous mastiti 
on 


packed for Crood le minstitis 12 years 


mph Pubereulous mastiti 
lisseectior 
packing Puberculous mastiti Died 
eur 
bereul 
Local exeision Puberculous mastits 2 month 
mph node disseetion lyvinphadenitis 
facies thastectom Miliary tubereuloss 
mph disseectron of breast anal 
iXtllary 
Incision and drainage Pubereulous mastiti 
hocalexci pon of abscess 
drainage ‘ Pubereulous mastits 
two third j 
wall packing 
strepte Crood Tuberculous mastits 
nvemn and PAS fortwo 


Phe skin was normal in appearance itt patients reddened over the md 
patients, and ulcerated in one patient. The nipple was retracted in 2 patients 
raped ith and ippeared normal itt 7 In one pute nta bloody discharge could 
xpre essed trom the Iwo patients had sinus tracts leading to the skin 
from the tumor tis Phe axillary lyinph nodes were enlarged in 7 patients and 
not palpable in 

Preatment consisted of local excision with or without drainage in 6 patient 
these patients vho were packed months elapsed before the wound 
healed. Two patients had local excision of the mass plus axillary lymph node dy 
section, and one patient had a radical mastectomy with axillars lyvinph 


section. One patient had local excision tollowed by streptomyein-PAS post 


operatively. The end results were good in all 1O patient iltthough the wound 
| 


that were packed healed slowly. Four of the 10 patietite had abscess formation 
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SUMMARY 


The incidence of tuberculosis of the breast compared to other mammary lesions 
at the New York Hospital in the past five years was O.1 per cent The incidence 
reported in the literature is from 0.5 to 1.4 per cent. Tuberculosis of the breast 
Is thost pre valent between twenty and fifty years of age 

‘The breast is usually infeeted with tuberculosis by lymphatic spread from the 
axillary lymph nodes. It may also be involved by extension from contiguous 
structures im the chest wall 

Parity. lactation, and trauma are not significant predisposing factors in the 
development of mammary tuberculosis. The most usual pathologie type of 
breast tuberculosis is the nodular. The selerosing type and atypical formes oecur 
less frequently 

A painless lump in the breast is the most frequent initial symptom of breast 
tuberculosis. Any portion of the breast may be involved by tuberculosis. The 
most common site is the upper outer quadrant. A nontender nodular mass 1s 
usually the first sign detectable in tuberculosis of the breast. Abscess lormation 
and pain may oecur later i the course of the disease. The presence ol fistulae, 
retraction of the nipple, and enlarged axillary lymph glands is highly suggestive 
of tuberculosis 

toentgenographic study of the breast may occasionally aid in the diagnosis of 
tuberculosis of the breast. omplete bacteriologic examination ol material re 
moved or aspirated from the breast may be of help in diagnosing tuberculous 
tiastitis 

Treatment for tuberculous mastitis should include a pre- and postoperative 


course of antituberculous drugs and local excision of all tuberculous tissue im 


cluding axillary lymph nodes, if present. [f the diagnosis of tuberculosis is made 


postoperatively, the patient should receive a course of antituberculous drugs 


and be reoperated upon if all tuberculous tissue has not been initially removed 


StEMARIO 
Tuberculosis de la Mama 


La ineidencia de la tuberculosis Mamarta en relacién con otras lesiones mamarias en el 
Hospital New York en los ditimos cineo afios fué de 0.1 por ciento. La ineidencia men 
cionada en la literatura varia de por erento La tuberculosim de la mama es nits 
frecuente a la edad de veinte a cincuenta anos 

Ia mama suele infectarse con tuberculosis por difusion linfatien desde ganglios 
uxilares. Puede también ser invadida por propagacion de los tejidos contiguos de la pared 
torficica 

kel parto la laetancia el traumatismo ho constituyen importantes tactores predis 
ponente cen la produceon de la tubere ulosis mamaria La forma histopatologe mie 
tual de exa tuberculosis ex la nodular. La forma eseclerosante y las formas atipieas se pre 
entan con menos Trecuenets 

I'n bulte indoloro en la mama es el més frecuente sintoma inicial de la tuberculosis 
mamaria. Cualquiera parte del érgano puede ser ins iwdida por la tuberculosis. El sitio mas 


comin es el cuadrante externosupertor Una tumefaceion nodular insensible sur le ser el 


primer signe desculsritle Mas tarde en la evolucién puede haber formacion de almeeso 
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dolor La presencia de fistulas, retraceron del pezon ¢ hipertrofia de los ganglio mtaticos 
de la axila es muy indicativa de tuberculosis 

estudio radiografico de la mama puede veces ida en el diagno 
tuberculosis mamaria. kL] completo examen | wtenolégico del material extraide « 
de la mama puede ihvudar a diagnosticar la mastitis tuberculosa 

kl tratamiento de la mastitis tuberculosa debe compre nder un régimen pre 
operatorio de drogas antituberculosas y la excisin total de todo tejido tuberculos 
los ganglios linfAticos axilares, #1 lo hay. Si se haes postoperatoriamente el diagt 
tuberculosis. el enfermo recibiré una sene de drogas antituberculosas 


no se extirpo ante todo el tejido tuberculoso 


MI 


Tuberculose du sein 


L.’incidence de la tuberculose du sein comparée A d'autres léstons mammaires au Ne 
York Hospit il durant les emg dernieres annees était prour 1), Lineidence ipporter 
dans la littérature varie entre 0,5 et 1,4 pour 100) Os ntre vingt et cimquante atis qt 
la tuberculose du sein est prédominante 

Habituellement l’infection tuberculeuse du sein se fait par la voue lLymnphatique 
des ganglions axillaire Le sein peut aussi étre intéresse par extension des 1 
raciques contigues 

La grossesse, la lactation et le traumatisme ne sont pas des tacteur prédisposants ap 
préciables dans le développement de la tuberculose mammaire Le type pathologique le 
plus commun dans la tuberculose du sein est la forme nodulaire. Les formes sclérosante 
ou atypiques sont fréquentes 

Une grosseur indolore dans le sein constitue le symptome initial le plus fréquent de la 
tubereulose du sein. N’importe quel segment du sein peut étre attemnt par la tuberculoss 
Le ut le plus commun est ie quart supero xterne La masse nodulaire non sen 
la pression est habituellement le premier signe décelable dans la tuberculose du sem La 
formation d’abees et la douleur peuvent surveni plu tard au cour de l'affeetion. La 
présence de fistule, ce rétraction du mamelon et Uh pertrophie des ganglions ly mphatique 
ixillaires suggérent fortement le diagnostic de tuberculose 

L’étude radiographique du sein peut parfois contrbuer au diagnostie de la 
du sein. L’'examen bactériologique complet des prélevements obtenus pat 
piration pe ut faciliter le diagnostic de mastite tubers uleuse 

Le traitement de la mastite tuberculeuse doit comprendre ine cure pre 
toire avec des gents tuberculost atacgue locale de tou 
hereulisés compris les des gangiion mphatiques sxillaire Dart 
diagnostu de tuberculose est post-operatorre la malade devra étre soumise a 


intituberculeuse et étre réopérée ensuite si tous les tissus tuberculisés n'ont pas ere 
initialement 
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Case Reports 


TUBERCULOUS MENINGITIS: USE OF CORTICOTROPIN AS AN ADJUNCT 
TO CHEMOTHERAPY 
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INTRODUCTION 


Although there idence that both corticotropin and cort 
exp 


le leterious effect mumals amd men 


tuberculosis in 
ulous patients has demonstrated no adverse effect upe 


1). Thi 


1 corticotrop noon tuber 


eit The use of thes 


than «a hundred tuber 
vhen use of these hormones is accompanied | effective chemother t} 


encourage 1 further tud of the effects o 


ibrosis and by deet 


the presence ol tuberculosis ma tu required Tor the treatment of seriou 
reactions (2 agen posts 


if 


diminishing inflammation and 


onditions, e.g severe drug 


and probably otherwise uncontrollable urthritis or asthma. Cort 

necessary for vith or without tuber 
treatment of tuberculosis 
critically ill patients with tubers 
suceumbs to 


i patient vith Addison im 
itself. the use of the 


hormones is generall 


ilous meningitis (5) and perhap 
early im the cour 


pulmonary or miliary disense 


therapy (6 
tecently, wider use of corticotropin or cortisone in the treatment 
tuberculosis has been reported. These forme include tuberculous met 


pleurisy with effusion (10), and 
land never with aggra 


results ire’ 
treatment of the termunal 


tuberculos 


corticat 


evel 
ithon. Cortisone and 
value as frankly symptomats tuberculou 


reactions to streptomycin, corticotropin gi 


el oncurrentl 


allie 
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the effectivens 


cortisone 
hormones can 
iffords the best mndrention on 
} 


ments indicate that 
Puberculous THe probabl 

of corticotropin or cortisone The marked iptomatolog 
idence of disabling sequelae in this disease 

l rates have mnpro 


they are of value. Although sur 
OO cent with 
better with the addition 
meningitis is still a diseas i maims too many of it tin 
| (6) recommended the use ! opin in tuber 


In 1951, Kinsell 


reptom 
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tlong with the usual antimicrobial treatment and deseribed dramatic cures in one mor 
bund patient and in one patient who was declining rapidly. Shane and Riley (7) had a 
patient who became moribund when a cerebrospinal fluid block developed. The addition 
of cortisone to the streptomycin and PAS used in that case resulted in prompt clinical 
remission and relief of the block. Shane and Riley also described six more patients who 
who were treated with combined cortisone-antimicrobial therapy, with good results in four 
of them. Barnard (5) treated thirty patients with adjunetive oral and intrathecal cor 
tisone or hydrocortisone for two to four months. Cerebrospinal fluid protein and cells de 
creased more rapidly and the patients experienced more rapid symptomatic improvement 
with such treatment, but the writer believed there was no ultimate advantage in using 
these steroids along with the usual antimicrobials. No evidence of adverse effects on 
associated pulmonary tuberculosis was seen; in fact, it appeared there was more rapid im 
provement than usual. Bulkeley (9) treated thirty-one cases of tuberculous meningitis 
with corticotropin plus streptomycin, isoniazid, and PAS, using the hormone from one 
to five weeks. He believed it was responsible for bringing patients out of coma rapidly 
usually in less than one week. He also noted a fall of protein and cells in the cerebro 
spinal fluid followed by a slight rise for a few weeks after withdrawal of the corticotropin 
Veterans Administration protocols for the treatment of tuberculous meningitis have in 
cluded the addition of corticotropin or cortisone to the antimicrobial regimens of despera 
tely ill patients. The Committee on Therapy of the American Trudeau Society (5) a 
knowledges that such combined therapy may be of value for cerebrospinal fluid block 
There is no real evidence to date that tuberculous disease in man is aggravated by 
corticotropin or cortisone when effective antituberculous drugs are being employed. The 
rationale for the use of such combined therapy in tuberculous meningitis is based on one or 
more of the following effects of these hormones 
Modification of the inflammatory exudate and granulation tissue in the me 
ninges with decrease in mechanical blockage and pressure and decrease in 
the amount o: such tissue to be organized into fibrotic sear tissue 
The so-called “vitalizing’ or detoxifying effect to enable the patient to 
survive the critical first two to three weeks when most deaths occur, thus allow 
ing time for the antimicrolnals to act 
The suppression of tuberculous arteritis as demonstrated in animal experi 
ments by Ebert (15), thus decreasing vascular damage which is said to cause the 
neurologic sequela 
The often postulated, but never proved, effeet of permitting better permeation 


of the antimicrobials into the inflammatory tissue to reach the bacilli 


CASE REPORT 


For seven months a 47 year-old Negro male had complained of intermittent frontal and 
right sided headaches which finally culminated in an attack of syncope For the next two 
days he suffered an exeruciating headache, fever, and somnolence, and was admitted to 
the hospital 

The temperature was LOL'R., pulse 100 per minute and the blood pressure 150 systolic, 
116 diastole in mm. of mereurs He Was somnolent confused photophobic and com 
plained bitterly of head pain No abnormalities were noted on phys il examination 


Because of increase in symptoms and questionably reddened ear drums he was placed 


on streptomycin, | gm., and penicillin, 400,000 units daily, the day after admission. The 


following day «a lumbar puncture was performed because of progression of symptoms and 
the appearance of a m arkedly stiff neck 
Cerebrospinal fluid pressure was 450 ml. of water; there were 250 lymphocytes per cu 
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mm. The sugar determination was 35 mg. per 100 m the protein, 220 mg. per LOO ml 
the chlorides were 105 mkiq. per liter. Smears were negative for bacteria, fungi, and 
fast bacilli, and all cultures of this and sulps« juent specimens were hegative ¢ ‘ 
growth of tuberele bacilli on culture from this first specimen six weeks later 

\ chest roentgenogram revealed only a small nodule high in the mght ape Cither 
oratory studies were not remarkable 

The patient was transferred to the tuberculosis service, and treatment wa 
1 gm. of streptomycin, | gm. of dihydrostreptomyein, and 500 mg. of isoniazid 
cium PAS was started seven days later. | xcept for a reduction of dosage 1 gm 
tomycin twice weekly and 350 mg. of isoniazid daily after four months, this therap 
continued without interruption 

After four days of treatment the patient's disonentation, headache, and st 
unreleved, and there was progressive increase of fever and cerebrospinal fluid 
figure | At this point aqueous corticotropin in a dosage of 25 mg. ever 
wided. ( omple te remission of symptoms and tever followed. After ten da if ih eom 
bined treatment, the corticotropin was discontinued dunng a three day period. Within three 
days the clinical manifestations promptly recurred. The hormone was reins! d and 
again there was complete clinical remission, this time in twenty four hours ort 
cotropin Wis continued in full dosage for two weeks and then withdrawn gradually over 
the next two and a half weeks without adversely affeeting the patient He has no eq lane 
and has been completely asymptomatic for the ensuing five months exeept for an attack of 
thrombophlebitis which oceurred apparently comeidentally at the time the corticotropin 
was finally discontinued 

Total eosinophils dropped from 44 to zero, rose to 66 during the withdrawal of eorts 
cotropin; fell again with the second course, and eventually rose again after hormone ther 
apy Wis discontinued 

The 17-ketosteroid excretion rose from 13 to 22 mg. in twenty four hours and did not 
fall abruptly during the pe nod when corticotropin was discontinued, thus he ping to rule 
out temporary pituitary adrenal depression as a factor in the clinical relape 

Tubereulin tests are interesting in that there was only a minor decrease in size during 


the first course of corticotropin and a minor increase during the period of omission of the 
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Fig. 1. Relation of corticotropin to clinical and laboratory findings» 


Sui 
fr 
| 
il | | 
; 
@eeeeoe 


KICHAKD JOHNSON 


| 
| 


— 


‘ 
Wweens MONTHS 


Fro. 2. Relation of corticotropin to cerebrospinal fluid changes 


drug, with disappearance cluring the second course and subsequent return to baseline levels 


fter discontinuation of corticotropin, Old Tubereulin tests with 1: 100 concentration 
produced le ervthema during corticotropin treatment but the induration did not le 
crease until the last two veeks of treatment and then only from 20 x 2) to 1x 2) mm 

«of treatment before corticotropin Was vided the cerebrospin il 


fluid pressure and protem rem ined at high levels (figure 2.). The cells inereased from Lu) 


und the sugar dropped from 35 to 23 mg. per 100 ml The sugar rose 


During the firet four la 


to per ecu. mm to 


normal levels the first week of corticotropin treatment ind remained normal thereafter 


When corticotropin was first administered, the cells dropped to 60 per eu. mm. in ten 
cla rose to 480 when the drug was withdrawn responded again to the second course, and 


declined to normal during the next four months. Both protein and pressures fell during 
the first course of corticotropin, rose during withdrawal, and then dropped to normal values 
during the next few months 

During the period of corticotropin viministration, the patient received penicillin of 
oxvtetracveline (Terram cn SO) rig sodium diet, and pot wsium ehlorde supplements 
Daily weights and weekly fasting blood sugars were of value Klectrolyte values remaimed 
eonstant. Two weeks of Dicumerol” therapy were required for the thrombophlebitis 
Che writer wishes to emphasize the fact that streptomycin, isoniazid und PAS were used 
throughout the illness without interruption and will be continued for eighteen months of 


there 


COMMENT 


More than 70 reported cases of tuberculous meningitis have been treated with cortico 


tropin or cortisone with at least symptomatic Improvement in most cases and with 


apparently dranuitic re versal of the disease process in some The nature of the disease 
makes it difficult to prove the value of these hormones by a controlled concurrent treat 
For this reason it is believed that the technique of interrupted corticotropin 


ix of interest, since the patient served as his own 


ment stud 


treatment emploved in the present case 
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control 


\ore cases are needed, but certainly the present study demonstrates the marked 
effec 


t of corticotropin on both clinical and cerebrosy.:nal fluid manifestations 


Unfortunate! the use of corticotropin or cortisone is not Ihe phi 


who 
uses these drugs assumes an increased responsilnility for even closes 


and laboratory 
observation of the patient In addition to the theoretical possibilities of 


weravating the 
patient's tuberculosis or or decreasing the effectiveness of his antimicrol 


therap there 
is always the hazard of causing fluid retention 


ulcer 


hypokalemia, diabetes mellitus, peptic 


pyogenic infections (ine luding superimposed pyogenic mheningitis 


Osteoporosis 
post-treatment pituitary 


ind adrenal depression 


To prevent or detect these complications, the following are advisable ast during 
the period of high hormone dosage: routine chest roentgenograms 
ind urinalyses; low salt intake and daily weights when proses tole 


of potassium chloride three times daily; serum electrolyte and f 


terminations once or twice weekly; antacids for an minor was 


penicillin or a wide-spectrum antimicrobial drug. If treatment is continued more than two 


months, testosterone propionate and estrogens may be added to prevent osteoporosis 
When corticotropin or cortisone are discontinued, the dosages 


hould first be reduced 
gradually 


\fter corticotropin is discontinued, recovery of the bur ypected 
in a few days to a week: but. when cortisone is used for a prolonged perved, adrenal 


pression may last for months and any incidental severe stress, such 


is operation or a 
compleating infection, may precipitate relative 


idrenal insufhieenes reqpuire 
mental cortisone administration 


If cortisone is used, neither 17-ketosteroid nor total eosimophilir 


evaluating the effect on the patient With corticotropin theray \ 


17 -ketosteroid amd 
total eosinophilic counts are of value in measuring the high! 


il variable adrenal re 


No response would indicate prompt substitution of cortisone 
urinary output of 50 to 100 mg 


or Os i 


17-ketosteroids per twenty-four hou vould rest 


ine 


dosage reductions. Other indications of response to hormone therapy 
leukocyte count with a fall in lymphocytes 


ire rise of the total 


i rise of fasting blood sugar, a tenden: to 


accumulate fluid, and often a rounding of the patient’s face. The most pertinent measures 


of response, however, will be rapid symptomatic improvement, lysis of fever, and improve 
ment in cerebrospinal fluid cells, protein, sugar 


ind pressure abnormalitie 
Short « 


ourses of treatment aimed at rccomplishing SV 
ing emergency relief have ranged from one to five weeks (6, 9 


Long-term 
mostly at low dosage 


ind in an effort to suppress the inexorable process of 
vascular fibrosis, has been continued for three to twelve mont! 

intermediate course might be suggested: At first full dosages of corticotro 
may be continued until the patient is asymptomatic or for a ma 


three weeks. Dosages may then be reduced to 


approximately half the 
With the reduced dosage, these horton 
to exert strong anti-inflammatory action with 


Steps from seven to ten days 


of compl 


This reduced dosage should be maintained so long as there 


is prog 
ondition or cere brospin il fliiicd 
becomes is or st the dosages 


steps Naturally i! 


im thee patient's il 


may be discontinued im twe 


ous ttions would necessitate more rapid discontu 


the cortisone or corticotropm ana relapse would require temiporar return 


dosage levels. Intravenous hydrocortisone (compound F) n 
treatment at the outset in «ce sperately ill patients and, of 


substituted for cortisone throughout the regimen 


tinal cistress:; 
afford 
therapy, used 
meningeal and 
Phe following 
hoor cortpsonme 
of two or 
tial level in two 
be expected 
essive improvement 
r three more 7 
higher 
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frequent tuberculin tests be made during cortisone or corticotropin 
therapy, for sluation may be the most significant indication of the degree of in 
hibution « cite inflammatory response Marked depression or compiete obliter 
ation of injection: Old Tubereulin test, 1: 10,000, is to be expected; but, should 


vith the 1: 100 strength, the dose of corticotropin of cortisone probably 


this occur 
should be reduced. The aim of hormone therap should be to inhibit the inflammatory 


response partic} but not completely 

An analysis of expernence in animals reveals that the contradictory reports of whether 
or not cortisone and corticotropin exerted deleterious effects on tuberculosis or on anti 
microbial treatment of tuberculosis might well be explained by the presence or absence of 
tuberculin hypersensitivity at the time of hormone treatment 14. 16, 17). In addition, 
two recent ith tuberculosm im rabbits re vealed that cortisone (1S ind high doses 
of corticotropin (19) ae rsely affected the animals chiefly by eliminating the protection 
of partial tomunization toth of these facts imply the importance of preserving some 
measure of tuberculin hypersensitivity during adrenal steroid therapy 

On the basis of experiments on animals, some investigators have con lucdedl that 
cortisone nn be more hazardous than corticotropin. However, since a given amount of 
corticotropin produces relatively less compound F in animals than it does mm man, equiv- 
lent dosages of the two drugs in man will not be equivalent when applied to animals 
Certainly, if a given amount of cortisone will adversely affect tuberculosis, it follows that 


corticotropin will alse, providing enough is given to produce the equivalent amount of 


compound I 

There are, however, certain advantages in the use of corticotropin With it, 17-keto 
steroid and total eosinophilic counts afford a measure of the effect; the level of wdrenal 
steroid response is limited, perhaps to more nearly physiologic levels, by the capacity of 
the patient's adrenals to respond, and, finally, the resultant pituitary depression is a mnore 
transient and less serious phenomenon than the adrenal atrophy resulting from cortisone 
\ theoretical advantage of aqueous corticotropin every six hours as compared with mitra 
museular cortisone is that the effects are intermittent, thus not affording continuous sup 
pression of the inflammatory response or of the pituitary adrenal axis. This does not hold 


when oral cortisone is used. On the other hand, when adrenal response to corticotropin is 


inadequate or when an ibsolute emergency exists, cortisone or hydrocortisone will be 
preferable, and at times indispensable 


SUMMARY 


The beneficial effect of corticotropin on the clinical and cerebrospinal fluid manifesta 
tions of a patient with tuberculous meningitis was demonstrated by an interrupted course 
of corticotropin asx an adjunct to treatment with streptomyein, isoniazid, and para 
uminosalievlie acid (PAS). The rationale for the use of corticotropin and cortisone in the 
treatment of tuberculous meningitis was presented in detail. The demonstrated value of 
corticotropin on both elinieal and cerebrospinal fluid manifestations tent itively, at least, 
sugyests its early use in tuberculous meningitis as an wijunet to chemotherapy unless the 
patient's initial condition ts and unless he shows a prompt response to the usual 
therapy 

SUMARIO 


VMeningitia Tube sloaa: mple o de la Corticotropina como Coadyuvante de la Quimioterapia 


Preaentacion de un Caao y he paso de la Literatura 


efecto benefietoso de la cérticotropina sobre las manilestactones cliniesas cffalo 


rraquideas en un sujeto que padecia de meningitis tuberculosa quedé demostrado por una 
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sene continua de corticotropina como coadyvuvante del tratannento con ‘ ptomicina 
isoniacida y deido para aminosalicilico (PAS 

Repdsase el empleo de la cérticotropina y la cortisona en el tratamiento de la meningitis 
tuberculosa, segtin aparece en la literatura 

valor demostrado de la eérticotropina sobre las manifestaciones tanto clinteas enanto 


e(falorraquideas sugiere 1 lo menos tentativamente, su uso temprano en la meningitis 


tuberculosa como coadyuvante de la quimioterapia & menos que el est wlio imieral del en 


fermo sea bueno v a menos que muestre respuesta rapida tin terapeutica habitual 


Resumt 


Htrophine comme ad f la chimiothérapu 


case 


f comple endu de li 


L.’action favorable de la corticotrophine sur les manifestations elinique set ie 


céphalo rachidien chez un mal ude atteint de méningite tuberculeuse fut démontrée par 
une cure intermittente de corticotrophine comme adjuvant au traitement par la strepto 
myecine, l’isoniazide et |’acide para-aminosalicylique (PAS 

L/auteur passe en revue le mplor de la corticotrophine et de la cortisone dans le traite 
ment de la méningite tuberculeuse d’aprés les rapports publié= 

LD)’ apre la démonstration de la valeur de la corticotrophine a& ia to ur les manifesta 
tions cliniques et le liquide eéphalo rachidien, il est permis de suggérer son emplot préeeoer 
dans la méningite tuberculeuse, comme médication adjuvante a la chimiothérapies aut 
état initial du malade est bon et mote ne rapidement au 


traitement 


tddendun 


The patient was discharged from the hospital in April, 1955, and has remained well to 


the present time, October 1055 
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REACTIONS TO PARA-AMINOSALICYLIC ACID 


A Case Simulating Infectious Mononucieosis with a Transient Pulmonic Infiltrate 
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INTRODUCTION 
Tu the ears since para-aminosalicylic acid (PAS) was added to the pl 


ipons agaist tuberculosis, a fairly large literature has accumulated, in whu 


n reported the many untoward effects which have occurred during its use. It has been 


to differentiate the effects which are toxic, due to intolerance, from the actual 
enctions (1) 

“ sensitivity reactions which have been reported recently are peripheral 

iscular collapse with a Guillain-Barré syndrome (2, 3); encephalopath 1); leukemoid 

reaction (5); schizophreniform psychosis (6); leukopenia and atypical lymphocytosi 


‘i, illergic pneumonitis (9 12 a clinteal state simulating infectious mononu 
CleORLS Of hepatitis 13-15 The present report deals with a case which presented it 


different times an allergic pneumonitis and a condition similar to mnfectious mononucleosis 


CASE REPORT 


J. hk 6-vear-old white marned male longshoreman, was admitted to the Chest Se« 
tion of the Medical Service of the Bronx Veterans Administration Hospital on June 2, 1054 
with a minimal tuberculous lesion of undetermined activity. There was no history of allerg 

Physical examination was within normal limits. Roentgenographie examination of the 
chest on admiussiot howed an infiltrate at the level of the fourth intercostal pace on the 
right. Tomographic studies located the infiltrate in the axillary aspect of the anterior 
division of the right upper lobe. Urinalysis on admission was normal. The leukoeyte count 
was 12,050 per cu. mm., with a normal differential. Sputum was positive for tubercle ba 
eulli on microscopy and culture 

Course in the hospital (igure 1): On the twenty sixth hospital day the pationt was started 
on a regimen of bed rest, isomazid, 100 mg. three times daly, and para-amimosalieylic acid 
PAS) 40 gm. three times daily. The patient did well until the fifty second ho pital day and 
the twent eventh da after commencement of antituberculou therap He then eom 
plained of nausea and vomiting, cough, and mght upper quadrant abdominal pain, which 
continued the following da His temperature rose to 102°R. On the fifty fourth hospital 
da he had a severe chill with t temperature rise to ae | anid complained ol mnalaine 
tinnitus, headache , vomiting, cough, generalized aching, and some abdominal 
discomfort. Physical examination showed slight pharyngeal infeetion, a few scattered 
rhonchi in the chest, and moderate distension of the abdomen. A roentgenographie exami 
nation of the chest howed no changes Corn the following da he had anothe ehill with 
fever to 105°] everal small postersr cervical lymph node vere noted. Sinmee the 
clinical preture was considered to be compatible with a drug reaction, PAS was discon 
tinued 

During the nes his temperature rose daily to 104°} a diffuse 
maculopapular i volved the trunk, back, and all extremuite (on the ix 

lor vere stopped except, oecasionall codeine and aspirin 
ospital da there was questionable ieterus, the liver was definitely palpal 


right costal margin, and tenderness was noted in the nght upper abdominal 
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REACTIONS TO PAS 


quadrant. The leukocyte count was 9,800 per cu. mm. with 46 per cent lymphocytes, o 
which 15 were abnormal and suggestive of the Downey cells seen in infectious mononucles 
sis. The next day, nausea and vomiting subsided completely and the patient's temperature 
receded to 1LOI°F. By the sixty-first hospital day the rash had started to subside, but there 
Was an increase in lymphadenopathy with appearance of an enlarged suboceipital node and 
persistent hepatomegaly. The leukocyte count continued to show absolute lymphocytosis 
with « large number of abnormal cells and beginning eosinophilia. The urinary urobilinogen 
was 1:160, and the total serum bilirubin was elevated to 1.7 mg. per 100 ml. There was 1 
per cent bromsullfalein retention in forty-five minutes 

A sternal marrow aspiration on the sixty second hospital day showed an eosinophilia of 
4) per cent and was considered compatible with infectious mononucleosis or a drug rene 


tion. The attending hematologist concurred with the impression that the peripheral blood 


smears were highly suggestive of infectious mononucleosis 

Phe patient remained relatively asymptomatic for several days, although he eontinued 
to have a leukoecytosi with gradual disappearance of the abnormal cells and gradually 
increasing eosimmophilia. Chest roentgenograms taken Ii weekly showed no change sero 
logic tests, including cold agglutinins, Streptococcus MG, heterophil antibod febrile 
wglutinins, and amebie complement fixation tests were either negative or were positive 


only in insignificantly low titers. Four daily blood cultures done at the onset of the ren 
tion were sterile 

On the sixty sixth hospital day, the patient complained of severe retro orbital and 
tnlateral frontal headache with nausea, vomiting, and increasing rash with pruritus. Ils 
temperature was 101.5°F) Physical examination revealed generalized lymphadenopat! i 
liver palpable Zem. below the nght costal margin, and a pleen palpalrle l te 2em. below 


the left costal margin. The spleen remained palpable for five days. The rash, which involved 


the entire body including the palms mid soles, faded over the next few day Liver fume 
tion tests showed a cephalin flocculation of 4 plu bromesulfalein retention of 31 per cent 
in forty five minutes, serum alkaline phosphatase of 10.9 units per lOO ml, and serum bili 
rubin of 3.3 mg. per lOO ml. (direet/indireet was 1.9/1.4). A repeated heterophil antibody 


titer Was negative 


fteview of the chart revealed that the patient had been receiving acetylsalieyhe acid and 


APC” tablets (acetylsalicylic acid, phenacetin, and caffeine) for headaches during thi 
period. A cross reaction withthe salieylates w ws considered responsible forthe 
the were withheld 

The febrile episode lasted two days The patient became asymptomatic and both hi 
physical examination and liver function tests returned to normal. Om the ninet econd 


hospital day, he was started on «a regimen of desensitization to PAS, starting with 50 mg 
per day with gradually increasing doses. By the one-hundred fourth hospital day, he had 
received a total of 1.7 gm. during the two-week period 


Para aminosalicylic acid was discontinued, the last dose having been given at 1 pom. of 
the day prior to the febrile reaction. Leoniazid was restarted with a single dose of 100 my 
it 4 pom. of the same da ind the patient received WO mg. of teoniazid at 7 am. the fo 
lowing morning. At 10:30 a.m., the patient had a sudden onset of nausea and vomiting 
with a severe shaking chill and violent retehing. His temperature rome to 105°R. bexamina 
tion revealed a mottled skin with a mime ulopapular er thematous ef iption over the abde 
men and chest wall. Slight cervieal lymphadenopathy was present. The lungs were clear 
Subsequently, the patient also complained of severe constricting anterior chest pain and 
retrobulbar burning. An electrocardiogram was within normal limits. Two blood eulture 
were «tenle 

Corticotropin was administered by intravenous and intramuscular routes, and within 
twenty four hours the temperature had returned to normal and the patient wa mpto 
matically improved. The rash became pruntic and more prominent, involving the trunt 
extremities, neck, and face, with increased cervical lymphadenopathy and a large epitroch 


lear | mph role Phe liver wa poral pralole lem. below the right costal margin with a 
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firm, sharp edge. Corticotropin was continued in decreasing amounts through the one 
hundred ninth hospital day and the patient received no other medication 

\ roentgenographic examination of the chest on the one hundred seventh hospital day 
showed an increase in the size of the infiltrate in the rght upper lobe and a density at the 
level of the right second anterior interspace overlying the third mb. Within five days, the 
density at the right second interspace had disappeared and the other infiltrate had returned 
to its previous size. Leukocyte counts made three to five times weekly showed a marked 
leukocytosis with an eosinophilia of 3 per cent on the one hundred fifth hospital day 
gradually increasing to 14 percent by the one hundred twentieth hospital da There wa 
lymphoeytosis, and liver function tests were normal 

the one hundred thirteenth hospit al clay the nt except 
occasional pruritus limited to the lower extremities, apparently unrelated to drugs 

Isoniazid was subsequently started in gradually increasing amounts and by the one 
hundred -fifty fifth hospital day the patient was receiving full therapeutic doses of LOO mg 
three times daily. He was transferred to the Surgical Service on the one hundred ninety 
eighth hospital day, and the right upper lobe lesion was removed by wedge resection. The 


postoperative course was uneventful 


Dine UsstuNn 


Drug reactions have been Known to assume many bizarre forts. In the case presented 
here, two somewhat different manifestations occurred in consecutive reactions to ap 
parently the same medication. The initial picture of hyperpyrexia, nausea, vomiting, 
ibdominal pain, hepatosplenomegaly lvinphadenopathy, rash, graduall Increasing 
eosinophilia, leukocytosis, absolute lymphoeytosis, and Downey cells was similar to that 
reported by Cuthbert (13) and by Lichtenstein and Cannemeyer (15 \s noted by 
Leibowitz (16), the differentiation between drug fever and infectious mononucleosis was 
sided by the failure of a heterophil antibody response to develop 

The second part of what seemed to be an initial diphasic response appears to have been 
precipitated by ingestion of acetylsalicylic acid and APC” tablets Gacetyvlsalieylic acid, 
phenacetin, and caffeine). Warring and Howlett (12) reported that one of their seven 
cases showed a cross-reaction with salicylates, and Korst (17), in his review, noted that 
three of seven patients showed a similar hypersensitivity to the salicylates. No attempt 
was made here to give test doses and the patient later refused seratch testing 

\t the time of the patient’s second reaction, following a course of desensitization to 
PAS which was similar to that advocated by Steel (1S), the patient had such a marked 
response that strong countermeasures were indicated. The appearance of the pulmonary 
infiltrates, transient in nature and without associated physical findings, followed by a 
gradually increasing eosinophilia, fit within the eategory of “simple pulmonary eosine 
philia’’ according to the classification of Crofton and associate 4 The roentgeno 
graphic, laboratory, and clinieal findings were similar to those reported by Warring and 
Howlett (12), Tuchman (11), and Atwell and Prior (9). [t is interesting to speculate just 
what effect the administration of corticotropin at the height of the reaction had on the 


delay in appearance of the eosinophilia 


It was not possible to completely rule out isoniazid as the etiologic agent or the po 


sinlitv of cross-sensitization between isonimazid, the salieviates, and PAS. Isoniazid was 
being given at the time of onset of both reactions, although it certainly could not be in 


criminated in the second part of the initial biphasie reaction 
st MMAKY 
ose of seve reaction te if wl PAs i> wesented 


which was uitiall «a eclinteal and laborabory pieture closely resembling 
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infectious thononucleosis with negative heterophil antibody determinations. After 
of desensitization to PAS, the patient had a second severe reaction, with the appearance 
of transient pulmonary infiltrates and eosimophilia. On treatment with corticotropin 
the febrile reaction was controlled within twenty-four hours although the other mani- 
festations were not significantly altered. Cross-reaction with salicylates and possibly 


with isoniazid is suggested 


SUMARIO 


Reacciones al Acide Para Aminoaalicilico: Cuadro Se mejante al de la Enfe medad Sérica y 
Neumonitia de LAfller 


Pres@ntase un eos ‘intensa de sensitnlidad al deido para-aminosalicilico 
PAS), que se tradujo imemimente por un cuadro clinico y de laboratorio, que se parecia 
mucho «a la mononucleosis infeeciosa con determinaciones negativas de anticuerpos he 
teréfilos Tras an periodo de desensibilizacién al PAS, el enfermo experimenté una segunda 
reacewon grave Con APArICION de infilt rados nonares eosimmoth i Tr at wl 
corticotropina, la reaccdn febml eedié en término de veinticuatro horas, aunque las otras 
manilestaciones he se alteraron mayor cosa. Sugiérese una reacern cruzada con salicilatos 


posiblemente con teonmenda 


Resume 


Riactions a Vacide para aminosalt ylique: Signes analogues «a la Maladie du sérum et au 
Syndrome de LAfller 


Oleervation d'un eas de réaction allergique sévere a Vacide para aminosalieylique (PAS 
dont Uaspeet mitial en clinique et au laboratoire était trés pro« he de la mononucléose avec 
détermination des anticorps hétérophiles négative. Aprés une période de désensibilisation 
PAS, le malade a présenté une seeonde réaction sévére sous l'aspect d’infiltrats pul 
monaires transitoires et d’éosinophilie. La réaction fébrile a été contrélée dans les vingt 
quatre heures par la corticotrophine, mais les autres manifestations n'ont pas été sensible 
ment modifiées. L’auteur suggére de pratiquer la réaction croisée avee les salicylates et 


peut étre avee Disonazide 
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Notes 


THE PYRAZINAMIDE SUSCEPTIBILITY OF ISONIAZID-RESISTANT 
MUTANTS OF TUBERCLE BACILLI 


The aetivit rauzimamnie against tuberctulotis anita 


been reported by several groups of investigator Several clinical groupe 


zinamide alone, other investigators used it in associmiion with streptomycin or para 


acid (PAS reported it to be active in the treatment of 


human tuberculosis. In comparative clinical studies on patients who recerved pyrazine 
mile isoniazid, however, the regunmen was reported to be superior to a other combina 
tions of antituberculou ments’. * Moreover, the use of these two drugs together 


vas found to approach total eradieation of tubercle bacilli in the spleens of experimentally 


infected mie 

In the clinical and laboratory studies reported, investigators 
demonstrate in vitro susceptibility of tubercle bacilh to pyrazinariicte tent 
the exception of VMeDermott and Pomp ett These latter investigators used a medium 
vith lowered pH (5.0 to 5.5, compared with the usual pH of 6.6 to 608 in media pre 


pared for the growth of tubercle bacilh 
The present communication reports the observation of a relationship between pons: 


zid-resistant mutants of tubercle bacilh and thew in eitro susceptibility te 


helsen quad ant plates were prepared contaming Middlebrook Tits olere aeid 
ibumin agar medium'* with one control quadrant eontaming no drug and with seleeted 


isoniazid or pyrazinamide concentrations in the other three quadrants, Pyrazinaniucte 


for the medium was prepared by dissolving the drug in di tilled water and sterilizing 
hy passage through a Seitz filter. leoniazid for the medium was prepared by dissolving 
the drug in distilled water and stemlizing by autoclaving for fifteen minutes at 15 pounds 
of pressure. The drugs were added aseptically to the stenle medium just prior to pouring 
the plate Strame of tubercle bacill for pyrazinamide susceptibility determination 


were subeultured inp Middlebrodt Tween” albumin liquid medium'* and were 
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imeubated until grown to a density of between OO) and 77 per cent light tran 
dat 465 mu on Lumatron colorimeter, The suspension was then 
diluted te tertile distilled water, O05 ml of the dilution Ceontaming 
t orgam of the test wa moculated b pipette 


mineach quadrant of the Felsen plate. The 


onto the mediur 
(. for three weeks before being examined for growth, When sputum and 


coded plate were meu 


lated? at 
pirates were studied, the drug contaming 
il maternal. After three weeks of meula 


plate sere moculated directl 


gustri 
with the decontaminated, concentrated celine 
tion the per cent resistant of the test microbial population on the drug contaming 
is caleulated with reference to the control quadrant contamimg no drug 


quadrant 
lin percent growth 


the control quadrant to te 


tram of V deter 
observed that 20 to SO per cent of the 


PALIN usceptibilit ol the 


the method deserthed above it was 
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NOTES 


ispension were resistant to more than of 
filings are comsmtent with the expenence of 
ires Of Wild stramme of tubercle recoveres 
resistant to oneentrations of were prepared and 
ceptitalit tory In were see ler 
parative quadrant plate ontammg m one p conmecentr 
the secomd plate selected concentrations of pyrazinamide rom 


these stucle re presented in table | amd are plotted on figure | 


ceptibalit resttunes 
The data presented om fwure | unique relationship ¢ 
mtance to wonmzel and stsceptibility to razinamide. Tubercle bra 
pte loy ot per ml. of medium were complete 
relatively concentrations of pyrazinamide, Between O and 5 ¥ 
resistances sikd of tubercle bacil were resistant to pyrazinamide 
of more than 200% i, Above approxumately 15 -y of isoniazid pert exist the 
‘trams of tubere! studied were also resistant to pyrazinamide 
Tho ipparent that pyrazmanmnde im eflective rst totitunts 
of tubercle bacill which are resistant to within speeiie eor 
15 yal monmzed per tl finding is in accord 
the combined therapy of tuberculoss with pyvi izinamnle 
treatment regimens. One may theorize that, as the population of sur 
ina patient under treatment with shifts to 
to the tubercle bacilli enter a range of resistance to whi remder 
them susceptible to 
\ report vhich has mediented that pyvrazimamide is not effective im patients 
resistant to monmzid perhaps be explamed on the basis that a 
proportion, of the isoniazid resistant mutants recoverable from such patient 
to concentrations of monimzid of 4 -y or less, and are therefore not susceptible to pyrazin 
wnide. Further evidences to support this concept is the fact that the wick dosage o 
(S00 tag. peer cla eldom effects serum or plasma concentrations of brolog 
wtive suflouent to select a population of tiutants of tubercle 
in the pyrazinamide-susceptible range 
Clinical studies are now in progress at Fitzsimons Army Hospital aimed at 
yating the possible chemotherapeutic significance of this phenomenon 
In summary: \ unique relationship is deseribed which exists between the tonimaid 
resistance of mutants of tubercle bacilli and then susceptibility to Pubercle 
istant to between approximately 5 15 of tedium 
vere found poetuliar usceptible to relatively low concentrations of pyrazinamide, 
257 of pyrazinamide per ml. This peculiar relationship was found to exist when using an 


gle acid albumin agar medium at a pH of 6.6 
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VIOMYCIN IN THE RE-TREATMENT OF PULMONARY TUBERCULOSIS 


tubes 
meni 

tof tuberculosis, but recommended that it 


ither effective antiun ment He found 


lowing Viomyel rapy in approxi per cent a 
infectiousness in approximately per cent tiportanee of the 
ilues ms mcreased by the fact that 07.6 per cent of the 125 patient 

mtitubercule hemotherap Although the specific contribution tide b 


results could not be evaluated | wker belweved that the 


report wa enhanced by the tinding that the site 


when given in i dosage of 2 gm. twice 


were 


sitnilar observation made at the Fitzsimons Hospital? prior 


reports was used in higher doses of approximately 40 to GO mg. per 
ku. of wel and had been found moderate eflective but quite The 
side effeets most commonly observed were listed by Hobb is allergic renetion 
nuria and eviinduria, eosinophilia, disturbances in the electrolyte balance, abnormal renal 
funetion (especia in patients with pre-existing renal damage), dizgzine 


ind deafnes 
The present writers have trented 20 patients with far ad 


weed pulmonar tubercu 
osis With viomvei dosage of 2 in 


cularly twice week All cot the patient 


wd active disease and tubercle bacilli in the sputum despite previous chemotherap 


hour patients received less than two months of hom cin therap two left the hospital 


wainst medical advice; one developed side renetions sufficrently severe for the medpeation 


to be stopped after only four weeks; and one patient died of pulmonary tuberculosis in 
| | 


his sixth week of viomyein therapy. A fifth patient continued progee 


saively all in spite of 
iomvem treatment for slightly more than two month 


when therapy discontinued 
reasing dizziness This peatient hed a few weeh later The remamimge 24 


patients received Viomyemn usually in assocition with other antituberculous agent form 


Cot 


onths and for an average penod of approximately exght months bi 
of the 


patients were treated for more than one year. Twenty of these cases were included 


in Tucker's report, but at that time many had been on viomyein therapy only a short 


time and the final outeome could not always be predicted 


Of the 24 patient 62 per cent were excreting streptomycin resistant tubercle bacilh 
| | 


wd. im two ustances, the microbial strains were 


ils resistant to para amine aly 


wil (PAS). The latter 2 patients were treated with 


mmvem singl the remiamng 22 
patients received additional antimicrobial agents concurrent] Pen received wmonimaid; 
6, PAS. 4, isoniazid and PAS; one, pyrazinamide and PAS 


cone pratient receives? 
azul, PAS, « tetraeveline. In the 


the experiences sith viomyeu in the dosage 


employed was suffimently untiupressive to stimulate presentation of this report 


WB: Am Tubere., 1054, 70,812 
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erans Admini t Army, and Navy 1952, p. 270 
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toentgenographic mmprovement occurred in patients, 7 of whom 

izid in addition to viomyein. Five of these patients had never rece “i ison 
rtsl Phe eghth patient had received pyrazinamide and PAS, in addition to 
In most of these patients, the roentgenographie im ement was slight but, by 
the unfavorable prognosis attached to these case iny mprovement 
nificant. Among the S patients who showed iunprovement, there were 4 wit! 
susceptible 4 with streptomycin resistant organinme All 7 patients who recet 
myein and isoniazid had organisms which were susceptible to isoniazid in vitro. In 


report, 50 per cent of the patients showed roentgenographic inprovement 


In 3 of the 24 patients, tubercle baci disappeared from the sputum during 


ther These 3 were patient who had also received isoniazid for the first tin 
experience witl t to reversal of infectiousness compares very unfavorably with the 
1) per cent rever rate found in the larger group analyzed by Tucker me patient 
the present sary tubercle bacill disap. trom the sputum on mil tut not 
by culture. This patient had been treated « in and pontazicd had shown 
roentgenographit provement, but he left wepital premature! 
ulvwe Nome ti patients treated wit! wmvem and PAS, or with alone, 
demonstrated reve of infect rouse It is of interest that one of the latter patients 
when later treated with mpontazid, showed marked Hiprovement 

There were some manifestations of drug toxicity in 16 of 27 patients. In on >, how 


ever, Was it necessar to ciseontinue beeause of toxpeits ‘| wo of these 


had severe aching and malaise. The third, with already decreased renal funetion, showed 


further diminution cperienced flank pain The fourth patient developed 
severe headache and nausen. It was necessary to ciscontimus jomyem in the fifth patient 
ifter only one mont therapy because of severe malame and a skin ras 
manifestations in the Tl other patients consisted mainly of malaise, aching 
huminuria and eosmophilia (ap to 19 per cent but usually between 6 and 9 per ce In 
tof the patients who experienced malaise, it was possible to continue the medication only 
by diminishing the dose from 2 gm. to | gm. twice week! Although these patients tol 
erated the decreased dosage, milder degrees of malaise were often experienced during the 
day on which the viomyem was received. There was no evidence of electrolyte disturbance 
in 10 of the patients who were carefully investigated for this abnormality, and no gross 
eighth nerve toxicity was noted clinically 

Thus, 59 per cent of the patients expenenced some toxic manifestations aserihable to 
Viomyein, as compared vith percent in lucker’s series. 1t was necessary to discontin 
treatment because of toxicity, however, in only 19 per cent of the patients, a value which 
compares fairly well with the figure of 14 per cent mn the larger group 

In summary: Twenty-nine patients were treated with 2 gm. of viomvyeim twee 
24 of the patients for more than four months and for an average of eight month 
‘3 per cent showed any roentgenographic improvement, only LS per cent showed 1 
of infectiousne sputum conversion by culture Pifty nine per cent of the 
experienced toxic side effects from the drug of varying severit Treatment ‘ 
because of drug toxicity in 19 per cent of the group. The most strikingly benef 
were obtained when the viomvein was given m addition to tonmaid to patients 


never had ponmgnl before From the reports of observers." 


S. ela Ir) Twelfth Conference on Chemotherapy of 
erans Administration, Army and Nay 1953, p. S52 
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yhttiave been obtamed u those patients with the use of teonmgzid 
that multiple-drug regimens should be ¢ 


«called “combined therapy The 
Pucker’s that. when tre 


~ the consensus at present however th 
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present 
wort. 
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\t presen 
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he «limes 


vield good results when given in addition to another effective 
isoningid would be the drag of 


chowe om such a situation 
in hes in the fact that, beeause of drug toxicity, the dose must 
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THE INTERMITTENT USE OF STREPTOMYCIN AND ISONIAZID SINGLY 
AND TOGETHER IN MURINE LEPROSY 


The prolonged administration of streptomycin and isoniazid, singly and together, in 
clinical trials against human leprosy has aroused interest in the possible effectiveness of 
the intermittent administration of these two agents The satisfactory results achieved in 
the treatment of tuberculosis with streptomycin administered twice weekly has suggested 
that this same regumen might be adequate also in the treatment of leprosy. No such data 
are available, however, with respect to other intermittent streptomycin regimens. Nor are 
such data available with respect to isoniazid 

In & previous communication from this laboratory, a technique was described whereby 
the effectiveness of antimicrobial agents might be evaluated in experimental animals on a 
basis, utilizing leprae murium as the test organism Am ley 
Tubere., 1954,09, 173 Phis technique appeared suitable also for evaluation of differences 
in drug regimens. The present report, therefore, will describe results obtained in a series of 
experiments conducted im this manner, with streptomycin and administered 


singly and together, according to seven different intermittent regimens 


As indicated above, the technique used throughout the present study has been described 
in detail elsewhere (Am. Kev. Tubere., 1954, 69, 173). In all instances mice were infected 
intraperitone all with Vv leprae murium, treatment was mnitiated on the fourteenth day of 
infection; the therapeutic results achieved during treatment were measured on the basis 
of microtnal population counts on spleen homogenates from mice sacrificed at various 
time periods throughout the course of the experiment. Ten animals invariably were used 
in the preparation of each spleen homogenate 

Streptomycin sulfate and tonimazid were employed in all instances in dosages equivalent 
to 2.7 amd 0.65 mg. of activity, respectively, per mouse per day. Streptomyecylidene isonico 


tinyl hydrazine’ was administered in a dosage equivalent to 3.9 mg. total weight, ie., in 


an amount equivalent to 27 mg. of streptomycin activity in combination with 0.65 mg. of 
isoniazid 
Seven drug regimens were included for evaluation in the study reported herein 
1 A single subcutaneous injection, once weekly (igure la 
2. A single subcutaneous injection, twice weekly, ie, on Mondays and Thursdays 
figure Ib 
A single subeutaneous myeetion, once daily on tive consecutive days each 
figure 2a 
1. A single subcutaneous myecetion, once daily on five consecutive days during every 
other week Clygure 2b 
5. A single ubcutaneous myeetion, once daily on five consecutive days per wee h 
for two week tollowed by two weeks of rest; and repeated (figure 2 
6. A single ibeutaneous myeetion, once daily on five consecutive days per week 
for four week followed by four weeks of rest; and repeated (figure da 
7. A single subcutaneous injection, once daily on five consecutive days per week, 


for four week followed by eight weeks of rest: and repeated (figure 3b 


Phe results obtained throughout this series of experiments are illustrated in figures 1, 
2. 
From figures la and 4, it is apparent that streptomycin, when administered once of 


twice weekly in the dosage used herein, was capable of decreasing to a slight extent only 


the rate of multiplication of M. leprae murium within the spleens of infected animals 
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repre eute 
treptomy 
respectivels 

Graph la. A single subcutaneous injection, once weekly 
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hia. Populations of leprae murium tissue suspensions of drug-treated ant 
mal § Black bare indicate dave on which treatment was administered. C represents 
untreated control animals; SM, INH, and SEH represent animals treated with strepto 
lidene onieotiny! hydrazine, respectively 


mycin, teomazid, and streptomye 


iph \ single ubecutaneotus mypection on wh of five consecutive days per week 


during the first four of each eight wee k yo riod 
(sraph ob \ «ingle ubcutaneous injection on each of five consecutive da 


during the first four of each twelve week period 


Moreover. as illustrated in figures 2a, b, and ¢, streptomycin likewise was capable of ex 


erting only a slight degree of bactenostatic action when administered at moore frequent in 


tervals. The bacteriostatic effect was temporary and, after ipproximately seventy days of 
treatment, there was a sharp rise in the ou robial population within the spleens This rise 


us occurred under treatment with streptomycin and it was assumed, therefore, 


VW. leprae murtum cells resistant to the action of this 


the cen 
that it reflected the emergence of 
agent 

It is of interest that streptomycin was totally mactive under the conditions of these 


experiments, when administered only during the first four wee ks of each eight) or twelve 


week period (igure. ta aml 


Isoniazid, like streptomycin, when administered once or twice weekly, decreased to only 


1 slight extent the rate of multipheation of Vo leprae murium in the spleens of infected 
hive 


mice (figures la and 6). When administered more frequently, however, Le daily for 


consecutive days per week, either every wee k. every second week, during the first two 
weeks of each four week period, or during every other four-week period, it produced i more 
marked bacteriostatic effect (figures 2a, b, ¢, and 3a). In no instance, however, were all 


organisms eradicated from the spleens. The census remained at a low level, even though 


treatment was interrupted in some instances for perkois as long as two or four wee ks 
figures 2e and Sa 

It ix of interest that, when treatment was unite rrupted for an emht week period i small 
but definite increase in the microbial population within the spleens of the infected animals» 


was detected rure th te treatment of these animals with ponimaid after an eight week 
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rest period again brought about a decrease in the census, however, and 
that the microorganist wi not lost their susceptibility to this agent 
onmzed was effects n this instance stands in contrast to the situatior 
figure 3a. In the latter instan inimals failing to respond to strepton ' 
subseq ently treated w oniazid. Probab ‘ » the large number of 
present at the start of isoniazid therapy, no deer In the population wa 


its influence 


Similar results were obtamed in a ries of experiments conducted int 
milliliter of a 5 per cent aqueous suspension (contaming 0.5 per cent india ink 
homogenate from anima infected with M eprae mu am were inoculated ibcutaneat 
each of six site n the back o i Wiersing strain, 25) gm. in weight). Treatmen 
monrmzid was initiated fifty one to ninety da ifter infection, and was administeres 
ve consecutive da each In experiment of 5 and generall 
vere used for each ) wh drug tested. Animal vere verified at the 
pletion of of therap be pe which had net pontaneou 
exeavated were dissected out, and the leproma from each animal was pooled, weighed 
homogenized. The microbial population within the homogenized tissue was then deter 
mined according to the technique commonly employed with mouse spleet ispelsiol 
In four separate experiment condueted in this manner, tsonmzid (oto per kg. of 
body weight per da treptomyvem (50 to mg. per kg. per da ipromiazid (20 mg. per 
kg. per da und Promin” (50 to 1.000 mg per kg. pet clu to diminish appreciably 
the number of microbial cells present within the leproma homogenate 
In a single experiment, the leproma from 12 rats treated with monmzid (10 and 2) meg 
per kg. of body weight per « from 12 rats treated with streptomycin (OO and LOO mg 
per kg. of body weight per da ind from 6 untreated control animals were homogenized 
and the resultant ispensions were utilized to infeet mice (hb the intraperitoneal route 
Subsequent determinations of the microbial population within the spleens o se muece at 
forty five days after infection indicated that the acid fast baeill pre i leproma 
ifter therapy with isoniazid and with streptomyern were viable 


From these experiment it was concluded th and ipromiaz 


mvein and Promin’ are wapable of exerting an antimicrobial effeet 


muriam iw rats wher ge numbers of organimnmes are present 


The effects observed with streptomyey lider 


those observed with fiwures 
* 

The data pre sented herem re present results obit ina vi ritnent « 
ire based. however, on observations on more than 1,000 animals. bach popula i count 
recorded in fyures 1, 2, and 3 represents an average of four counts on a honmog tirade 
from LO mouse spleens. Thus, it is believed that they probably offer valid information eon 
cerning the results that can be achieved on treatment of M. leprae n P infections in 
mice with the doses of streptom onze, and treptom 
drazine used herem 

No correlation may exist between VM leprae pinfections in experiments 
human lepro re ita obtained mm the torm infection 
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ment penod may be interrupted tor as long as two to tour weeks without loss of effective 
ness. The evidence to date suggests, however, that isoniazid may be ineffective when large 
numbers of organisms are present at the start of therap 

The possiblity that interrupted regimens, such as certain of those described herein 
may be similarly effective against experimental tuberculous infections warrants consider 


ation 


In summary: The effect of seven different dosage regimens of streptomycin, isoniazid, 


ind streptom idene isoniceotinvl hydrazine upon the microbial population within the 
spleens of mice infected with VW. leprae murium has been deseribed Data have been pre 
sented which confirm the greater effectiveness of isoniazid, as compared with streptomyecmn 
in the eontrol of this infection. Moreover, data have also been presented to show that 
isoniazid therapy may be interrupted for periods as long as two to four weeks without loss 
of effectivene 


teseancn Division Griapys L. Hospy 
Prizen & Co., Ine, Miany A. DONIKIAN 
SHOMOK LYN New YorkK 


July 1, 1955 


“Ay 


PYRAZINAMIDE-ISONIAZID IN TUBERCULOSIS! * 


III. Observations with Reduced Dosage of Pyrazinamide 


Phe results of the treatment of pulmonary tuberculosis with a regimen of pyrazinamiuce 
meniazid, in which pyvrazimamide was administered in a total daily dosage of 50 mg per 
kg., have been previously reported from the New York Hospital and the Navajo Medical 

vice *Oon the basis of these results, considered together with related studies in animals 
in this laboratory it was concluded that pyrazinamide isonmazid exerts antituberculous 
tivity in riwo of a sort superior to that of the other antituberculous drugs in current 
use in either single or multiple drug regimens. It was emphasized that this conclusion 
rested on three types of evidence, only two of which we re provided by the roentgenographir 
ind bacterologie studies in man. The third type of essential evidence was provided by 
microbial enumeration studies in experimentally infected mice. This belief that all three 
types of evidence are necessary has been discussed in the previous reports. It is based 
largely on the conviction that it is difficult to distinguish among any multiple-drug regi 
mens Which contain tsoniazid solely by roentgenographic and bacteriologie studies of 
patients with pulmonary tuberculosis. It was further concluded in the previous stuches, 
however, that pyrazinamide isonimzid could not be recommended for general use in the 
dosage studied because of a high incidence of hepatic toxicity 

\ccordingly, the effectiveness and relative safety of a lower dose of the pyrazinamide 
component of the regimen have been studied in patients with pulmonary tuberculosis and 
the results form the basis of the present report 

\ series of 61 patients have been treated on the New York Hospital and Navajo Medi 
eal Center services. The total daily dosage of pyrazinamide was 20 to 30 mg. per kg 
herematter designated “low-dose pyrazinamide isoniazid regimen’’). As in the high close 
series, the isoniazid was administered in a total daily dosage of 4 to 5 mg. per kg 

tjoth drugs were given together for twelve to thirteen weeks, with isoniazid alone 
thereafter 

Of the OL patients who were started on this regimen, 31 were male and 30 were feniuale 


Forty-four of the patients were from the Navajo Medical Service and 17 were from the 


New York Hospital, All but 5 haa received no previous antituberculous therapy. Three 


of the 5 had received isoniazid for periods of time which varied from ten to twenty three 
months 


The patients in this series comprised a prognostically less favorable group than in the 


1 This study was supported in part by grants from the Navajo Tribal Couneil, the Na 
tional Tuberculosis Association, made possible by a special bequest from the estate of 
Sophie Goman,; the Division of Research Grants and Fellowships, National Institutes of 
Health, Public Health Service; the Lederle Laboratories division of the American Cyan 
imide Company, Pearl River, New York; and Charles Pfizer and Co., Ine., Brooklyn, New 
York 

*The pyrazinamide (Lederle Laboratories and Merek & Cc Inc ind the isoniazid 
Nydrazid”, E. R. Squibb & Sons) were generously supplied by the manufacturers 

*McDenmort, W., ef al: Am. Rev. Tubere., 1954, 69, 319 

*Muscnennem, C., et al.: Am. Rev. Tubere., 1954, 70, 743 

anv Tompsert, R.: Tr. Thirteenth Conference on the Chemother 
apy of Tuberculosis, Veterans Administration, Army, and Nav 1954, p. 168 

* Tompsett, R., et al.: Tr. A. Am. Physicians, 1004 p. 67 
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orwinal SO my razinamide series. Because of concern about possible hepatic toxieit 
on patients with ad ineed disease considered to have a poor prognosis were wimitted 
to the tud Of the 61 pute nits, 4s had far alvanced wel 13 had moderate 
disease by the 1952 National Tuberculosis Association classification. The methods of 
study and evaluation used in the present investigation are the same as those used in the 
ome pyt series 
Of the 61 patients in whom treatment was begun, 52 have completed at least th 
months of treatment: 42 have completed six months: 10. nine months: amd 12, tweive 
months. Twelve patients were eliminated from the study during the first vear of chemo 
therapy for the following reasons 
In the firat quarter, 5 patients were ¢ liminated because of the development of drug 
toxicity 
In the second quarter, one patient was elumin ited for drug toxicity 
clischarge 
In the third 4 wrter, 7 patients were eluommated: 5 by transter to other hospitals, 2 tor 
the performance of surger one by self-discharge, and one to receive another exper 
mental antituberculous drug 
Bacteriologic and roentgenographie results im these 12 patients are given only up 
to the time of their elimination from the study 
\s may be seen in table 1, six months after the start of the low-dose pyrazinamicle 
iweoningid therapy, the roentgenog: iphic results in the 40 patients for whom data were 
wvailable were designated substantial improvement in 32; no significant change in ,: and 
worse in ho patient 
At nine months data were available for 21 patients and at twelve months for only 14 


patients Accordingly, the six month assessments have heen taken for comparison with 


the previously reported results with the higher dose of pyrazinamide. There was no essen 


tial difference between the two studies in terms of substantial roentgenographic im 
provement (79 and SO per cent 
\ point of difference between the results in the present low-dose study and the pre 
ious study was observed, however, which is not reflected in these over-all assessments 
In the present low close series localized and usually temporary increases in the roentgene 
graphic abnormalities were observed in a considerable number of the patients, in con 
trast to the high-dose series in which this did not occur The increased roentgenographi 
thbnormalities consisted of extensions of infiltration, which occurred in 7 imstances; en 
largement of pre-existing cavities, whi h occurred in instances; and the development of 
new eavities, which oecurred in 4 instances ind was associated with an extension of the 
infiltration in 2 patients. The extensions of infiltration usually occurred early and were 
of minor degree mu all but 2 patients who had relatively large, ilthough by no means 


pre wie of then lisense In all 7 metances on whiel spre ad of disens« occurred, it 
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Dieyree of Roentgenographic Improvement Six Months After the Start of Treatment 
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FABLE 2 
PYRAZINAMIDE 


ile Sputum or 


According to Pyvrazinamide Do ige 


proved to be quickly reversible without any modification of the antimierobial therap 


Phe final over-all roentgenographic assessments of the 16 patients who showed an imerenase 


in the roentgenographic abnormalities at any time during the course of treatment re 
vealed substantial improvement in 13, slight improvement in 2, and no change in one 
patient 

It is to be emphasized that the increase in 
When enlargement of eavities persisted, and 


the roentgenographic abnormalities wa 


ilways reversed or of lunited synifieance, as 


from the roentgenographic standpomt in the over-all six 


that no patients were worse 
the majority of the patients were classified as having 


month assessment. On the contrar 


shown substantial roentgenographic improvement at the most recent es 


Phe increases of infiltration were for the most part of insignificant degree, occurred ear! 
| 


within the first three months), and cleared rapidly without any change in the chemo 


ven the more conspicuous extensions were rapidly reversed. The enlargement 


the rap 
In 2 of the 


associated with a general progression of disease 


of cavities Was in no mstance 
these subsequent! closed) In the third in 


3 stances in which nes ivities appeared 


stance, despite the appearance and persistence of a cavity not seen in the pretreatment 


film, the over-all improvement has been marked 


The relatively large number of these increases in reentgenographic abnormalities in 


stands in striking contrast to the « ypenenece in the pore 
It is also in contrast to the small number of 


the present stud hou reported 
series 
detenorations observed ina group of patients treated with isonimzid alone” In the last 
Hol 47 exhibited roentywe nographie detenoration of an 


or degree and only 2 showed actual spread of disease in the form of extension of infiltration 


named series, only 


The fact that extension of infiltration oecurred in 7 instances in the present series and 
that in 6 of the 7 instances this oecurred within the first three months of the chemo 
therapy, ve., during the period of concurrent administration of pyrazinamide and isoni 
izid, suggests the possibility that the phenomenon was directly related to the cheme 
therapy. The evidence is insufficient to permit any inferences whether the phenomenon 
represented an actual provocative response to the isonimaid or, contranily, an antagonism 


70. 
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NOTES 


All of the patients in the present series had sputum or gastric aspirates which contained 
Vo tuberculosia prior to starting treatment. The bacteriologic data obtained from these 
patients at three and six months after initiation of treatment are presented in table 2 
From the standpoint of reversal of infectiousness, these data suggest that the regimen 
containing 20 to 30 mg. per kg. per day of pyrazinamide was definitely inferior to the 
MO mg. per kg. per day regimen. The differences are similar at nine and at twelve months, 
but the number of patients who have reached these evaluation points is still too sm ill to 
he conclusive 

Pyrazinamide was discontinued in 4 patients before the end of the projected thirteen 
weeks because of the occurrence of untoward clinical reactions 

Two patients, both of whom were receiving pyrazinamide at a dosage of 30 mg. per 
kg. per day, developed definite hepatitis. Both patients were moderately heavy alcohol 
drinkers but otherwise there was nothing pertinent in their past histories. The first was a 
fiftv-vear-old colored female who developed icterus on day 77 of pyrazinamide therapy 
and had the familiar course of moderately severe hepatitis thereafter, with eventual 
recovery 

In the present study, the standard liver function tests were not helpful in detecting 
liver damage until it became clinw ally apparent \ significant abnormality of the standard 
liver function texts (bromsulfalein retention of 19.3 per cent) occurred on the sixtieth day 
of treatment in the second patient, a forty three-vear-old man who had a palpable liver 
ind spleen and mild liver tenderness at this time, but did not develop jaundice or other 
clinical manifestations of hepatitis 

\ third patient developed fever associated with urticarns, eosinophilia, and liver ten 
derness. This occurred on the eleventh day of therapy. Liver function tests were normal 
This was not considered to be a case of toxie hepatitis The fourth patient, after having 
completed three months of pyt wzinamide and while on isoniazid alone, developed some 
symptoms suggestive of peripheral neuritis The neuritis is attributed to the moniazid 

Thus, the hope was not realized that reduction of pyrazinamide dosage would result in 
the maintenance of full pyrazinamide isoniazid effectiveness while avoiding hepate 
toxicity. It is probable, therefore, that, if the powerful antimu robial effects of this therapy 
are to enjoy a wider use, simple methods must be devised for the early detection of hepaty 


damage. Without such methods and without eriterta for identifving those especially sus 


ceptible to pyrazinamide hepatitis, it seems wise to tse the full dose (50 mg. per kg.) and 


to limit pyrazinamide isoniazid to use under carefully controlled conditions 

\ striking difference exists between the incidence of hepatitis in the published liters 
ture, including the present and previous reports from these services,’ * ' and the incidence 
of hepatitis in the investigation conducted by the U.S. Public Health Service" It must 
he recognized, however, that there are certain differences between the type of patients 
predominant in the U.S.PUELS. investigation" and those in the studies from the present 
climes * 

In the US_PLILS. study, the group was predominantly mate and all had received eon 
siderable antituberculous chemotherapy at the time pyrazinamide was started Im the 
studies by the present investigators virtually all of the patients had entirely untreated 


tuberculosis prior to the pyrazinamide isoniazid therapy and the groups have imeluded a 


anp Morven, R. E.: Am. Rev. Tubere., 1954, 70, 415 

Hepatic toxicit of winamide US.P His cooperative clinical investigation 
presented by Dr. George Wilson at the snnual meeting of the National Tuberculosis Asso 
elation Nilw sukee Wisconsin May 23 
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substantial number of women. Whether either of these factors is related to imcreased 


hepatic susceptibility to pyr izinamide i unknown. At the present time. therefore, the 
freedom from hepatic toxicity noted in the USP HLS. study remains unexplamed 
In summary: Reduction of the pyrazinamide dosage in the pyrazinamide isoniazid 


regimen Was nevertheless associated with an incidence of 2 cases of hepatitis among 61 


patients treated. Indications were also present that the low pyrazinamide dosages were 


therapeutically inferior to the higher dosage used in the earlier pyrazinamide isonimaid 


studies from these clinics. The therapeutic inferiority was particularly evident at the 


lowest dosage level of 20 mg. per kg. In view of these findings, it is believed that further 
clinical investigations of pyrazinamide in tuberculosis might be more advantageously 
direeted to the search for simple methods for the detection of hepatic toxicity than toward 
An associated finding in the present study was the appearance 


manipulation of dosage 
the 


in relatively high ineidence of transient and apparently insignificant increases in 
areas of tuberculous pulmonary infiltration during the first ninety days of therapy with 


the low doses of pyrazinamide and the full dose of isoniazid 
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FURTHER OBSERVATIONS ON THE EFFECT OF CYCLOSERINE ON 
TUBERCULOSIS IN GUINEA PIGS 


In a preliminary report from this laboratory it was shown that, by macroscopic observa 
tion, cycloserine appeared to be relatively inactive against tuberculosis in guinea pigs us 
compared with isoniazid! The purpose of the present paper is to desenbe histopathology 
and bacteriologic studies which have been completed more recently 

The methods used for macroscopic evaluation of the effect of cycloserine® on experimen 
tal tuberculosis in guinea pigs have been deseribed elsewhere! In addition, histopathologs 
studies were made of the lung, liver, and spleen of representative animals from each ot 
the three evcloserine-treated groups and also from the control group” A portion of ea h 
spleen was also homogenized in 5 ml. of 5 per cent sodium hydroxide containing 0.04 pet 
cent phenol red, allowed to stand for twenty minutes, and was then neutralized with 
2 N hydrochloric acid. Three tubes of modified Lowenstein medium were inoculated with 
0.3 ml. amounts of each spleen homogenate. After incubation at 37°C. for three weeks, 
the susceptibility of each of the cultures to eycloserine was determined in vitro in a modi 
fied Proskauer and Beek liquid medium according to techniques described previously 

Histopathologic examination of 2 of the untreated control animals revealed typical! 
disease with extensive hematogenous dissemination involving the lung, liver, and spleen 
The organs of 3 animals from each treatment group exhibited the following findings 


rccoording to dosage «hedule 


17.6 mg. per ky. per day: The dissemination was less extensive in the lung where the 
proce was that of a tuberculous preumonia In two of the three lungs there were neo 
necrotic foci. The lung of the third animal showed small areas of necrosis but most of 
it was in the stage of organization. In the livers and spleens the foci were predomi 
nately cellular, but some showed central zones of necrosis The necrosis was usually 
more advanced in the liver 

76.0 mg. per kg. per day: Two of the lungs exhibited a tuberculous pneumonia in an 
sdvaneced stage of organization with no central zones of necrosis, while the third lung 
howed evidence of necrosis. The foei in the livers were cellular and showed no central 
zones of necrosis. In only one of the spleens was there evidence of necrosis. These find 
ings indicated moderate healing changes 

150.0 mg. per kg. per day: One of the three lungs was free of tuberculous foes ancl the 
others exhibited only an occasional isolated focus without central necrosis The spleens 
showed no necrotic foci. and in only one liver were there oceasional small foe: with 


neeroth centers 


Thus the process here ap vared to be one of early and qui k healing of an underlying 


tuberculous process 
Pubercle bacilli were recovered in approximately equal numbers from the spleens ot 


the evcloserine treated and control guinea pigs. The results of the drug susceptibilit 


( Cumminas, M. Am. Rev. Tubere., 1955 
Kinedl upplied by Dr Riee, Eli Lally, and Company 
he writers are indebted to Dr. Osear Auerbach, Veterans Administration Hospital 
last Orange, New Jersey, for the histovathologic examination 
‘Hou, Jo ano Pub. Health Rep., 147, 62, S47 
M. R Heupains, P. ¢ Antibiotics and Chemo 
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determinations on these cultures are presented in table | It wall lee s« 
of drug-resistant strain 
sith that of the 


vas there evidence suggesting the emergenes 
ceptibilite sof all of the cultures were essentia nlenticnl 


strain whieh had been used to infeet the annals 
It seers reasonable to conclude that, under comparable expermental condition 
closerine is not as effective as isomagid agaist experimental tuberculoss 


Although the drug appeared to be rather inactive by macroscopic 


pathologic studies of the tissues revealed evidence of healing. Tha 


treatment of the animals for longer than sixty days might have 
nounced therapeutic effect It should be pomted out, however, tl 


of treatment with 20 to 35 mg. of isoniazid per day, tuberculous guinea pigs she seal 


little evidence of infection None had gross lesions in the lungs or liver \Iicroseopa 


smination of the lung revealed no tuberculous lesions, and only one hi 
necrosis. Small epitheliow! tubercles were found in only two spleens 
It could be suggested that the rather poor Pes to therapy 


guineas pigs might be attributable to the extremely rapid emergence 


bacilli. Examination of the results presented in table 1 revea! however, tl 


recovered from both the treated and the control animals showed the same suseeptib 


to eveloserine as the original infecting culture. [t is possible that, as with streptom 


more prolonged therapy might have resulted in the isolation of resistant straim 


factor whieh might account for the poor response in rire to an 
which is active in vitro is conversion to inactive material in the host tissue. In this regard 


it seems pertinent to recall that 20 y of eycloserine per mil completed 


inhibit growth of virulent tubercle bacilli in vitro in the presenee ent of wuine 


pig serum whereas only LO of drug suffice to cor ipletel uppre 


stram in basal medium alone or in basal medium plus 5 per cent of 


mother factor which must be taken into account mw the prossatoalit 
ont 


rapid excretion of drug. The results of studies in this laboratory sugy 


centrations of cycloserine in guinea pigs drop rather rapidly following iuntras 


jection At a dosage of 50 mig. per kg, for example centrations 
be approximately $2, 21, 9, and per mil, at the 
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NOTES 


In summar / Under the « 


perimental conditions used in the present stud) 
inactive 


cvcloserine 
appeared to be relatively wainst tuberculosis in guinea pigs as compared with 
examination showed no marked differences 
histopathologic studies of tissue 
of healing 


moniazid Although 
treated and 


HAC between 
control annals 


from treated animals re 
vealed some evidencs This might have become more significant had the animals 
been treated for a longer period of tune 


Cycloserine resistant tubercle bacilli could not be isolated from the spleens of annals 
treated for sixty days under any of the three dosage schedules 


Tusencuvosis Reseancn Rosert A. Parnopr 
Veererans ADMINISTRATION HosprraL C. Hupains 
WasHinaron, 1). ¢ Manrin CUMMINGS 
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A LYTIC FACTOR ACTING AGAINST MYCOBACTERIUM TUBERCULOSIS 


The findings deseribed in this paper are the result of investigations started in July 
1952, and were stimulated by an interesting phenomenon observed in this laborator 

\mong 20 strains of VW ycobacterium tuberculosis, subcultivated simultaneou iutolysis 
the term autolysis is being used in this paper for “automatic bacternolyst le 
eloped colonies Was noted in 2, strains Band D. Stram had been obtaives on boone 
marrow culture and strain ) from the blood of patients with miliary tuberculosis. Cultures 
of both of the strains of VW. tuberculosis had been inoculated on May 25, 1952, and | 
le veloped abundant colonies two weeks later. On July 5, 1952, a part of 
colonies Was autolyzed \icroseopu illy the autolyzed maternal revealed 
nants bearing no resemblance to the M. tuberculosis 

This phenomenon has been investigated further during the next two 


vitro and in vivo experiments. The results indicate that the lytic factor had 


properties of i phage acting specnh illy against VW. tuberculosis 


In reviewing the literature, the writers were impressed by the seareit 
cerning lytic factors agaist VU. tuberculosis. In 1925, Richet and Haudur 
bacteriophage like factor isolated from the sputum of 20 patients, ina 
sputum also was positive for VU. tuberculosis. The factor was very resistant to 
was not destroyed at a temperature of 105°F. for twenty minutes, Steenken 
lysis of old cultures of human tubercle bacilli in a highly aed medium (pH 4 te 
After a certain period of time, however, new colonies appeared which differed morp 
logically from the old ones and showed reduced virulence when mmoculated into g 
pigs. Steenken did not subeultivate the lytie factor and did not sugge that the 
observed was due to a bacteriophage. In 1953 Froman and assocmtes 
report, and later, in a paper, reported the discovery of four phages der 
phytic mycobacteria which were active both agaist virulent tuberc! 
variety of saprophytic acid-fast bacilli. In 1954, Gerundo reported 
isolated from sputum which likewise contained tubercle bacilh 

The lytic factor described below differs from the phages reported by the 
in that it acts specifically against tubercle bacilli ind not against saprophytic n 


The experiments are as follows 


Material from the autolyzed cultures of tubercle baci was broken into small par 
ticles by means of a platinum loop in a test tube contaming distilled water Dhis tech 
nique Was Use do onl in the first series of fecatise the homogenet of the 
obtained suspension was unsatisfactor the following method was used in the other 
series of experiments 

Material from the autolyzed eulture of tubercle bacill was homogenized vy 
glass powder and distilled water in a mortar under aseptic conditions, The obtaimed 
suspension was transferred into a sterile tube After sedimentation of the glass powder 
the supernatant fluid was removed and was used either diluted or undiluted. One 
tenth of a milliliter of the ispension Was added each time to every tube of Lowenstein 
mediim This was enough to cover the surface of the medium which had been inocu 


lated with a fresh culture of tuberele baecilh 


Rucner (fils) ano Havovroy: Handbuch der Pathogenen Mikro -organismen, Gu 
Fischer und Urban & Scharzenberg, Jena, Berlin, und Wien, 1949 

STeenkeN, W., Am. Rev. Tubere., 1938, 777 

S., Drake, W Nat. Tubere. A. Tr., 1955 

Froman. S. Drake, anv Bowe Am. J. Pub. Health, 104, 44, 1590 
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NOTES 


Material from the autolyzed cultures of the two strains of M. tuberculosis, B and 

was mixed with a fresh subeulture® of Myobacterium tuberculosia (strain I’*) and 
was then inoculated into Lowenstein medium, No growth of tubercle bacilli was ob 
erved during « period of one month, while simultaneous control subcultures of strain 
I’ vielded many colonies of tubercle bacilli after ten days of incubation 

Material from the above negative subcultures of strains B and D was then mixed 
with a fresh isolate of the strain P of tubercle bacilli and was inoculated into a new 
series of Lowenstein medium. Again no growth of colonies was observed, while simul 
taneous control subcultures of strain / yielded many colonies of tubercle bacilli after 
ten days of incubation 

Material from autolyzed cultures of the strain of tubercle bacilli, D, in dilutions 
ranging from 1:20 to 1:20,000. was mixed with the standard strain P and inoculated into 
Lowenstein medium. Mixtures containing dilutions of strain D, ranging from 1:20 to 
1:200 inhibited the growth of the tubercle bacilli. Mixtures containing dilutions of 


«train D material more than 1:200 showed an abundant growth of tubercle bacilli 


Two guinea pigs (He and H were inoculated with a suspension of autolyzed 


material from M. tuberculosia strains B and D. Both animals died approximately two 
months later in profound cachexia. At autopsy no specific lesions for tuberculosis 
were noted on gross examination 

Material from the autolyzed cultures of strains D and B was mixed with a suspension 
of tubercle bacilli (strain P) and inoculated into nine tubes of Sauton medium. Ma 
terial from the mixture was also inoculated into guinea pigs after incubation for periods 
of a few hours, and one, three, five, seven, ten, twelve, fifteen, and twenty days, re 
spectively. All animals received the same amount of material, namely 0.5 ml. No growth 
of tubercle bacilli was observed in the Sauton medium during the above twenty-day 
period 

The first animal inoculated with autolyzed material which had been incubated with 
living tubercle bacilli for a few hours died after two and one-half months. Six of the 
other animals survived this period, although they exhibited profound eachexia and 2 
died five to six months after inoculation. Autopsy performed on all of the animals 
failed to reveal any tuberculous lesions either on gross or histologic examination 
There was marked dilatation of the capillaries and fatty infiltration of the liver 

In another experiment, 28 guinea pigs were inoculated with living tubercle bacilli 
strain 7?) mixed with dilutions of autolyzed tuberele bacilli strain D, ranging from 
1:20 to 1:20,000. Three animals inoculated with living tubercle bacilli and the autolyzed 
material in dilutions of 1:20. 1:500. and 1:1,000 died of tuberculosis within three months 
The remaining 25 animals died in profound cachexia two to six months after inocula 
tion with the living bacilli autolyzed bacilli mixtures. At autopsy of these 25 animals 
no tuberculous lesions were revealed either on gross or histologic examination 

These results were unexpected and should probably be attributed to the clumsiness 
of the technique first used 

An additional 4 guinea pigs were inoculated with living tubercle bacilli (strain I’ 
mixed with «train D autolysate. All of the animals died of tuberculosis after three and 
one balf months. This was interpreted as an indication that the unknown factor from 
strain D autolysate had lost its activity during the year after its initial appearance on 


September 1942 


All subcultures were controlled b snimal inoculation of Professor Melanides’ labora 
High Agricultural Sehool 
Strain /’ y isolated from the cerebrospinal fluid of a patient with tuberculous menin 


As ma eon in the text, experiments on guinea pigs were done only with strain I’ 


which proves » be highl pathogens for the animal 


ft 


Autopesne ind histologie examinations were performed at the Laboratory of Pathology 
Athens University by Professor Rleftheriou 
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NOTES sol 


Necond instance of avtol of cullures of V tuberculosis: \l are h 24 strains 
of M. tuberculosis recently isolated from patients were subcultured on Lowenstem medium 
Five days after inoculation, abundant colonies of tubercle bacilli had already developed 


On April 13, 1954, two of the subcultures containing 2 different strains of tubercle bacilh 


were completely autolyzed. Investigation of this second instance of autolysis was carried 


on in the following manner. The new strains of tubercle bacilli showing autolysis are 


designated strains A and C 


Dilutions of autolyzed subcultures A or C, ranging from 1:10 to 1: 100, were mixed 


with a non-autolyzing strain of tubercle bacilli (strain A" and inveulated on Lowen 
stein media. Growth of tuberele bacilli was inhibited, while simultaneous eontrol 
subcultures of strain V showed abundant growth of tubercle bacilli after eght da 
Fifteen days after inoculation, a few colonies of tubercle bacith developed trom mux 
tures of living tuberele bacilli and the highest dilutions of autolysates A and ©, and 
ifter a month all of the subcultures deve loped colomes of tubercle bacilh 

In another experiment, the standard strain of tuberele bacilli (strain A) was inocu 
lated into two series of cultures of Youmans medium. The autolysates from strains 
1 and ( were subsequently added on the first, third, and fifth da respectivel 
ifter inoculation. Two weeks later, all subcultures contaming the autolysates were 
negative, while simultaneous control subeultures of the standard strain of tubercle 
bacilli (strain V) showed abundant growth 

Material from the subeulture of the standard strain of tubercle bacilli to which 
autolysate A or ( had been added on the first day of inoculation (obtained from the 
previous experiment) was filtered and the filtrate was inoculated on Lowenstein me 
dium, together with the standard strain of tubercle bacilli (strain A \ few colonies 
of tubercle bacilli developed after a week in some of the tubes, while simultaneous 
control subcultures of strain XN showed abundant growth of tuberele bacilli, After 
fifteen days, a few colonies of tubercle bacilli developed in all of the tubes which also 
contained autolysates A or C 

The same procedure was repeated with material to which autolysates 1 or © had 
heen added on the third day of inoculation (obtained from a previous expermment 
with another strain of tuberele bacilli (strain ) The results were ilready desenbed 
for the preceding experiment 

Autolysates A and C were inoculated into Lowenstem medium together with strane 
1 and (, respectively, i.e., the strains of tubercle bacilli from which the autolysates 
were originally derived. Growth was inhibited. Strame A and il 
cultured without the addition of autolysate 1 and ¢ sere ied as control \ lew 
colon developed s week later and abundant growth was obeerved a month after 
imoculation 

A mixture of a filtrate from a culture of strain A and the strain iteell were inoculated 
into a series of tubes of Lowenstein medium. No growth developed after one month of 
incubation, while in a series of control tubes abundant colonies of tubercle bach were 
observed 

Two guinea pigs were ince ulated with a mixture of strain A and the filtrate cultures 
of strain A. One control animal was inoculated with strain A onl (one month later 


the control showed tuberculous regional adenits puneture of the lymph nodes re 
vealed the presence of tubercle bacilh while the animals inoculated with the mixture 


ire still in good health 


‘Stramnm \ w “4 ‘ om the cerebrospinal flaid of 


Strain ) ‘ ‘ the cerebro flied of 
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NOTES 


Thard inatanes of autolysis of VW tuberculoma: On June Is, 1954, 5 strains ot Vv ycobac 


lerirum tuberculome were tested for resistance to streptomycin (on June 25. tbundant 


colonies had developed in some of the tubes, including one tube designated FE. By July 1S, 
the colonies of tubercle bacilli in tube BE were completely autolyzed. Mi roscopieally the 


sutolyzed material consisted of groups of granules or fragments of distorted bacterma 


The autolysate from the culture of tubercle bacilli EF (now designated autolysate 
was inoculated into Lowensteig medium, together with suspension of living tu 
berele bacilli (strain VY). One week later no colonies had developed while simultaneous 
control subcultures of strain Y yielded abundant growth of tubercle bacilli. Fifteen 
days after inoculation the negative subcultures developed a few colomes of tubercle 
bacilli while simultaneous control subeultures of strain Y showed an abundant growth 
of tuberele bacilh 

Autolyeate Eo was inoculated further into Lowenstein medium together with the 
strain of tubercle bacilli (FE) from which the autolysate had originally been derived 
A week later no colonies had developed, while simultaneous control subcultures of 
strain E were positive. A month after inoculation, subcultures which also contained 
sutolysate FE were still sterile, while control subcultures showed abundant growth of 
tubercle bacilli 

Three tubes of Lowenstein medium were inoculated with autolysate F for the pur 
pose of finding out whether it still contained viable tubercle bacilli. No growth was 
obeerved in the tubes after a month. In order to find out if Inapparent growth had 
eceurred in these tubes. material was taken from them and inoculated slong with 
living tubercle bacilli (strain VY) into Lowenstein medium 

In order to determine whether autolysate FE was still active, it was inoculated into 
three tubes of Lawenstein medium, together with living tubercle bacilli from strain 
Kk. No growth was observed after a month while the control tubes showed the usual 
growth of tubercle bacilli after inoculation 

Autolysates and A, respectively, were incubated with nonpathogenic acid fast 
bach (+ Orange smooth, Communicable Disease Center, Atlanta, Georgia) in Lowen 
stein medium. No inhibition of growth was observed and colonies of tubercle bacill 


appeared within forty eight hour is was the case also in the control tubes 


In summary \ factor inhibitory for tubercle bacilli of human origin has been obtained 
irregularly from autolysates of cultures of certain strains of tubercle bacilli. The inhibitory 


factor survived filtration and is believed to represent a bacteriophage 
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A COMPARATIVE STUDY OF THREE EGG YOLK MEDIA IN THE 
ISOLATION OF M. TUBERCULOSIS 

The three egg-volk media most commonly used in diagnostic laboratories are American 
Trudeau Society (ATS),' Lowenstein Jensen? and Petragnani.’ As there were no definite 
data concerning their comparative growth-enhancing properties tor the tubercle bacillus 
or their inhibitory properties for contaminants, the present study was undertaken 

Under routine conditions, it is extremely difhceult to distribute the moculum even) 
among a series of tubes. The importance of this problem is even more apparent when only 
i few organisms are present in the original sputum specimen Therefore, large series of 
cultures are necessary to be of statistical significance when such a study is made 

In the present survey, 1,007 sputum specimens positive for M. tuberculosis were cultured 
with «a total of 3,021 cultures. One hundred eighty three specimens, with a total of 549 
cultures, were cultured on ATS medium alone. Eight hundred twenty-four specimens, 
with a total of 2.472 cultures, were inoculated into all three media 

The specimens were seventy-two hour collections of sputum homogenized by adding 
in equal amount of 23 per cent trisodium phosphate and shaking the mixture for tive 
minutes ina paint conditioner machine. The mixture was incubated at 37°C. for sixteen 
hours and the sediment was neutralized to pH 6.8. The sediment was then divided into 
three equal parts for inoculation of three tubes of media 

Phe study of ATS medium alone served not only as a control but also helped to establish 
whether or not the number of cultures positive tor VW tuberculosis was increased by using 
more than one tube of medium for each specimen 

It will be noted in table | that among 549 ATS cultures, 375 (08.5 per cent) were positive 
for M. tuberculosis, 141 (25.7 per cent) showed no growth, and 33 (6.0 per cent) were 
contaminated 

It is evident from table 2 that, among ISS specimens inoculated into three tubes of 
ATS each. 73 showed growth im all three tubes. Thus, growth of tubercle bacitl would 
have been detected in 39.9 per cent of cases independent of the number of tubes of medias 
used. On the other hand, in 46 eases (25.1 per cent), one tube of three was either con 
taminated or did not show growth. In these circumstances, tubercle bacilli might not have 
heen detected if only one tube of medium were used. Furthermore, in 64 eases (45.0 pet 
cent). two of three showed no growth of tuberele bacilli, indicating that in such cases 
growth could have been missed were only two tubes of media used 

In tables 3 and 4 are shown the comparative number of tubes with growth of M. tubercu 
losis, those with no growth, and those contaminated, when S24 specimens were moculated 
into all three media. The highest percentage of cultures showing growth of M) tuberculosis 
72.6 per cent) was obtained in the ATS medium, with Lowenstem Jensen second (62.9 


wer cent). and Petragnani third (54.0 per cent). Tubercle bacilli failed to grow in 41.5 
| | 


per cent of the tubes of Petragnani, 29.6 per cent of Lowenstem Jensen, and in 20.2 pet 


cent of ATS media. Contamination was slightly less in Petragnan (4.5 per cent) than in 


\TS 72 per cent inl Lowenstem Jensen (75 per cent 


STeeNKEN. W.. Jn: Medium reeommended on evaluation of laboratory procedures of 
the American Trudeau Society for the eulture of tubercle bacilli 
? [jwenstein medium Jensen modification 273-TS, B. B. L. Products for the Baeteno 
logical Laboratory, ed. 2,195). p 201 
! Petragnani medium BLOT. Difeo Manual of Dehydrated Culture Media and Reagents 
for Microbiological and Clinical Laboratory Procedures, ed. 9, 1955, p. 349 
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TABLE 1 


Trtorat Society 


rABLE 2 
ISS Seecaomens Were inro Turns 
Socrery Mepium 


Tun OF SreciMeENs One. Two. or 


Tuner Tones Wuen 
Teses oF AMERICAN 


Three tubes of three «<howed growth of WU. tube 
Two tubes of three howed growth of Wtube 


fine tube of three howed growth of M. tuber 


TABLE 3 


or S24 Seecmens Posttive ror M. ox 


AND Mepta 


Awentcan Socrery 


TABLE 4 
or M. Tuseretcosis on Tourer hag Youn Mepis 
CONTAINING Sporum 


\ COMPARIBO0N OF THE 


Slt Positive oF 


American rudeat 
SIS 


Lowenstein Jensen 


Petragnan 


FABLE 5 
iN Waren Dirrenenr Resorts Were wit 


lun NUMBER OF 
LOWENSTEIN JENSEN, AND Mepta 


Socrery 


* + indicates growth of M. tuberculosis 
ttudicates neo growth of tuberculosis 
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NOTES SHO 


It is obvious that, under the conditions of this study, the most sensitive medium for 
growth of M. tuberculosis was the American Trudeau Society medium. This fact can be 
noted in table 4 and also may be seen by comparing the total number of positive cultures 
on ATS alone (table 1) with the total positive cultures of all three media (table 3 The 
same conclusion can be drawn trom table 5, which represents the discrepancies found 
when S24 specumens were cultured on the three media. It will be noted that, when such 
differences existed, the ATS medium produced a far greater number of cultures positive 
for M. tuberculosis 

The most inhibitory medium, not only for contamination but also for the tubercle 


baciius, pre ed to be Petragnani as evidenced by the data in table 4 


In summary: Under the routine laborator conditions of colleetion processing stud 


culturing of specimens, there was no advantage in using media other than the American 
Trudeau Society medium provided that three tubes of this medium were used for each 


Specimen 
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Correspondence 


VETERANS ADMINISTRATION-NATIONAL TUBERCULOSIS ASSOCTATION COOPERATIVE 
OF MYCOBACTERIA 


To tha of the Reva u of Tule re ulosis and ilmonary 


The unidentified acid-fast organisms which are distinct in colony, cell, and virulence 
characteristics from the usual tubercle bacilli have always been a problem to the tuber 
culosis bacteriologist. The increasingly frequent finding that some of these strains are the 
only evident agents of associated pulmonary or other disease has, for many reasons, made 
imperative the comparison of as much pertinent clinical and bacteriological data as 
possibile 

Phe Veterans Administration Subcommittee on Atypical Acid-fast Organisms 
H. Runyon, Wilham H. Feldman, Wendell H. Hall, and David T. Smith) drew up a state 
ment and questionnaire which were printed by the American Trudeau-Society and sent 
from Dr. Esmond Long's office to selected tuberculosis hospitals and from the Veterans 
Administration central office to other Veterans Administration Hospitals. The purpose of 
this w to invite participation in a survey of hospital experiences with unidentified 
mycobacteria and the establishment of a culture collection of these at Sunmeount Hos 
pital. The following preliminary statement is a summary of current indications resulting 


from this survey to date 


1. Something as to the meidence of unidentified strams of mycobacteri macciited 
with human disease may be seen from the following data 
Number of hospitals to which questionnaires were sent 
Number of hospitals reporting significant! strains 
Number of hospitals reporting other straims 
Number of hospitals reporting no significant straims encountered 
Number of hospitals reporting, total 


Number of patients having infections with significant strains reported | 
the 33 hospitals 
Number of patients whose cultures are available at the Sunmount Colles 


than 200) 


2 The oecurrence of unidentified mycobacteria which by evidence of their source are 

possibly pathogenic for man is widespread. Some laboratornes handling large numbers 

of cultures, however, have not recognized or recorded the occurrence of these strains 
3. Sygnifieant’ strains are of more than one kind 

1. Two types, each evidentiy independently pathogenic in lung tissue, have been met 


with repeatedly and at widely separated areas in the United States. Other types are 


reported to have been involved in superficial lesions or in pulmonary disease in which 


there is concomitant pneumoconiosis 
5. The two types of presumptive pulmonary pathogens are 
(a) Photochromogenic strains. These form a lemon vellow pigment during growth 


if exposed to light. Colonies are usually smooth 


' By “significant” is meant isolated either from lung tissue or repeatedly from the same 
patient and in the absence of typreal tuberele bacilh 
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In summary: This 3 progress report of an investigation sponsored jomtl 
Veteran Acdmnestratio National Tuberculosis Association 
currence of two kinds of mycobvas ia distinet from human tubercle bacilli but evidently 


i winted wi i disease 1s 


June 24, 1955 VerTerans ApMINtisTRATION Hosprral 


SunmMouNT, New York 


OF Ht PANEL ON ATYPICAL ACID FAST BACILLI 


\L MERTING OF THE NATIONAL TUBERCULOSIS ASSOCIATION, MILWAUKER, MAY 25, 1955 


the Editor of the Amerwan Renew of Tuberculoma and Pulmonary lLiiseases 


In view of . ‘ ulous impressions which resulted from the discussion in 
Milwaukee, members o t Bacilli’ would like to make the 
following stater if 

Ire ing attention being paid te motley strains of acid-fast organisms other than 
Vs tuberculosia which appear sporadically in every tuberculosis laborator It is increas 
ingly evident, on , ind, that « certain few of these strains may be responsible tor 
human pulmonary « e. On the other hand, the innocuous nature of the most com 
monly occurring omogenic strains and certain non-chromogens occurring with tubercle 
baci remains wel fi 1 True tubercle bacilli themselves are subject to variation 
Those with atypical colonic in be reeognized by subculture. Most such variants quickly 
revert to typical rough, buff colonies. Other variants may have altered metabolism, drug 
susceptibility, or virulence. These strains however, are readily recognized as tubercle 
bacilli, for rare ire they atypical simultaneously in multiple characteristics such 
us cell and colony shape, cell arrangement, consistency, and pigmentation. The “atypical” 
strains, on the contrar regularly differ in most or all of these respects as well as in 
irulence from typical bacilli and hence are probably distinet taxonomically 

While some of these acid-fast organisms in common with tubercle bacilli may sometimes 
he observed to form short branching filaments, they are regularly bacilliform on the usual 
media and in animal tissues and are strongly acid-fast. In these respects they differ 
from the related genus Vocardia 

The strains of unclassified mycobacteria whose relationship to human pulmonary 
disease is at least reasonably probable have been shown by the “Cooperative Study of 
Mycobacteria” (see preceding letter) to be of at least two kinds: the photochromogeni 
ud the non-photochromogenic. The former is the better defined These strains become 
brilliant vellow if exposed to bright light, e.g., for one hour, and then are allowed to con 
tinue growth in the incubator. If grown in complete darkness they form no pigment 

\ simple test to determine whether a given acid-fast organism is significant in human 
disease unfortunately is lacking. Indeed it must be pointed out that the mere occurrence 
of the same type repeatedly from the same patient and in the absence of M. tuberculosis 


is no demonstration of pathogenicity. Nor is the production of lesions in mice or harsters 


any proof of their potential pathogenicity for men. Each occurrence of an atypical form 


must be considered in the light of the patient’s status and history. Certainly, the ruling out 


of concurrent infection by recognized pathogens is of primary importance. For tubercle 
bacilli, the use of guinea pigs inoculated directly with specimens from the patient and 
culture of material from any resulting lesions are clearly indicated 

The new 1955 edition of Diagnostic Standards carries the following advice regarding 


Unelassified (Atypical) Mycobacteria,” “ it is an error to diseard acid-fast organisms 
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Books 


Pur Hisvrory anp ONQUEST OF THE CoMMON bulited | R sett 
thoma Press, Norman, Oklahoma, 1954, Price, $4.00 


\s popular entertainment for the layman, medicine and things medical have beeome a fad 
Witness only the gre it number of popular radio and tele on sl lenhiing with medical 
subjects, and the number of related popular short stories and nove mn the best selle ts 
This volume »excellently edited by Dr. Walter R. Bett. Librarian to the Roval Society 
of Medicine, while ntended mainly for patients’ w fined its usefulne value 


wi student of 


ind entertamment (a tribute to good editing. for each chapter is | i different riter 

Phe presentations are accurate, well documented, and quite technical and for these 
easons probal iver the head” of the lay public for which it ntemled. On the other 
hand, for the pl iin and student some of the presentations are quite alybore ited and 
thereby less attractive Phe volume does not pretend, howeve to be a medical hoster in 


iny sense of the word. Diverse subject ul common diseases in thenpsel ve ire considered 
by one or several authorities in the field from an historical standpoint. The foeal point of 
each chapter is the proce the stor is that of the cdisense Thu this 
clon not tall into the trap. in which > man uch books get enmeshed. of beeor ung a 
compilation of hundreds of paragraphs, each summing up the life and accomplishments of 
one great ph nh. Such diseases as pneumonia, rickets, epilep id arthritis are cis 
cussed. A particular lelhighttul chapter one on gallstones. The book j spots 
for some chapte ittempt to cover too much and end up by falling tar short of the mn 
tended woul. Sur true of the chapter on diseases of the endocrine glands. Certainly the 
exciting story of Addison's disease (in this reviewer's opinion ould be a chapter in 


itsei! 


The relerenct yy en enhance the value of this book ure atl, The se alone would make 


the book emunent vortl vhile and Valuable to the medical teacher who make use of 


the “Oslerian method In this situation it isa very handy reference bool 
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Disha biadited by Roscoe L. Pullen. Pp. 669, with 195 illustrations. Lea 


PULMONARY | 
Phi 


& Febiger 


$15.00 


Dhius publication prepared | twenty contributing authe neluding the editor, Roscoe 


L. Pullen, is « sigt nt contritnit to the dissemination of medical knowledge of the 


pulmonary thanifestations of disease, which now constitute such an important proportion 


of the clinieal problen faced by practicing physicians 


anatomic and pl 


olown pects of the ventilator gaseous exchange, and transport stems concerned with 
respiration are d issed, are suecmet and whol wiequate for the pragmati ition 
of the material presented i ibsequent sections 

The svndrome med disease entities discussed try the contritniter ire 
irranged in logical sequence, beginning with infections of the upper re piratory passages, 
through bronechit the il, bacterial, and mycotie pneumonias, to the neoplastic cis 
eases, structur nye levelopmental abnormalities and manifestations of trauma. The 


ections on bronchogenic neoplasm, tuberculosis, and the pulmonary mycoses are par 
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Heaton Vistron ano By Sheena Bu 146, The Na 
tional Agsocimtion for the Prevention of Tuberculosis wl 1955. Price 


sv iw) 


This book is directed towards developing a greater understanding of the role of the health 
visitor in the prevention of tuberculosis and the care of the patient and his fanuly during 
the total treatment process. In its ten chapters, the incidence of tuberculosis, method of 
contact investigation, treatment techniques, and health legislation in Crreat Britain 
pertamimng to available services are presented Within this framework, the teaching and 
preventive aspects of the health visitor’s service is deseribed with some case illustrations 
\ plea for greater cooperation among medical and extra-medical professions is made. To 
readers in the United States, where the treatment function of the social worker and the 
teaching function of the public health nurse are more clearly defined, the differentiation of 
professional approach and areas of responsibility outlined in this book would need further 
clarification. Miss Buchanan's book should undoubtedly be of interest to all professional 
groups in England concerned with improving the care of the patient and his family and for 
more effective use of existing extra-medical service 

Mancaner A. 

New York, New York 


BOOKS RECEIVED 


iy By George Day. Pp. 44, The National A» 
awiation for the Prevention of Tuberculosis, London, England, 1955, Price 3s. 6d 
PunercuLosis AND THE INpivipuaL. By J. 8. Campbell. Pp. 92, The National Association 

for the Prevention of Tuberculosis, London, England, 1955, Price Ss. Od 
La By Juan Carlos Dighiero. Pp. 129, Institute de 


Tisiologia, Montevideo, Uruguay, 1954 


RONTGENSCHIC HTVERFAHREN. By R. Griesbach and F. Kemper. Pp. 143, Georg Thieme 
| 


Verlag, Stuttgart, Germany, 1055, Price $0.30 


TRANSACTIONS OF THE CONFERENCE ON THE oF TUBERCULOSIS 
Veterans Administration, Army, and Navy. Pp. 556. Atlanta, Georgia, Februar 
7 10, 1855 

Vol. IIL By A. A. de Lorimier, H. G. Moehring, and J. R 
Hannan. Pp, 508, Charles C Thomas, Springfield, Ilinois, 1955, Price $20.50 
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THE AMERICAN REVIEW OF TUBERCT LOSIS AND PULMONARY DISEASES 


The discovery and study of chest diseases 
put severe demands upon x-ray film 


Both Kodak Blue Brand X-ray Film and 
Kodak Photoflure Film provide the uniform 
response necessary for photo-timed exposures 
.. Offer also the consistent, package after 
package, radiographic quality essential to 


the evaluation of changes in each case 


Order from your Kodak x-ray dealer 


EASTMAN KODAK COMPANY, Medical Division, Rochester 4, N. Y. 
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EBB 


National Tuberculosis Christmas Seals. 
We're proud of this record as we are of 
all our products. 


EUREKA SPECIALTY PRINTING CO. 
522 ELECTRIC STREET, SCRANTON 9, PA. 


IWERICAN REVIEW OF TUBERCULOSIS 


IND PULMONARY DISEASES 


NAPT PUBLICATIONS 


A NEW EDITION 
A Psychiatrist Looks 


at Tuberculosis 
By ERIC WITTKOWER, M.D. 


Associate Professor of Peychiairy, Medill University, Camada; As 
sociale Prychiatrist, Reyal Victoria Hospital and Montreal General 
Hospital, Canada, formerly Research Pelow with the National As 
soctation for the Prevention of Tuberculosis 
When the first edition of Dr. Wittkower’s book ap 
peared in 1949, the American Review of Tuberculosi 
said (February, 1950): “A practical guide for the psy 
chological management of tuberculous patients is long 
overdue, Dr. Wittkower's readable and compact book 
. should meet this need ’ The second edition, fully 
re revised, includes a new chapter incorporating work car 
ried out recently in Canada 
164 pages, « lothbound $3. 


Whys and Wherefores 
in Tuberculosis 
GEORGE H. DAY, M.A., M.D. 


A guide book for patients, their friends and relations 
and everyone else $1 


Order now 
National Association 
for the Prevention of Tuberculosis 


TAVISTOCK HOUSE NORTH, TAVISTOCK SQUARE, 
LONDON W. c. 1, ENGLAND 


from 


EMERSON 


| Pleural Saction Pamp 


Very high volume. 


Aspirates 30 liters per minute at a set- 


ting of 10 centimeters of water. 


2. Low, constant pressure. 


Dees not climb appreciably even with 
tubes wholly obstructed. 


Designed for continuous service. May be 
adapted for 2 patients at once with 2 tubes 
to each. ¥ * Made by the makers of 
Emerson Respiration Assistors for IP PB. 


Please write 


J. H. EMERSON COMPANY 
CAMBRIDGE 40, MASS., U. S. A. 
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jm PARA 


iV REVIEW OF 


THE 


BETTER TOLERATED 


PASkalium largely avoids the 


common gastrointestinal upsets 


which limit the usefulness of 


para-aminosalicylic acid as well as 


its sodium and calcium salts 


Patients with positive histories of 


intolerance to all previous P.A.S 


therapy readily tolerate full 


therapeutic dosage of PASkalium 


NH> 


in most instances. ! 


A HIGHER P.A.S. PLASMA LEVELS 


PASkalium is the most soluble 


BETTER p ‘ S. salt known Absorption is 


rapid and excretion predictable 


FORM Twelve grams daily produce and 


maintain blood levels comparable 
OF to those obtained with 17 grams 
of sodium P.A.S. and (theoretically ) 


P A S 30 grams of P_AS. Acid.* 


1. Molthan, L., Cohen, KN 

FOR Jarafonetis, { Clinical use of potassium 
para -aminosalicylate (KPAS Am. Heo. of Tuber 
and Pulmon, Dis, 71.220 1955 


TREATING 2. Cohen, V., Molthan, L., and 


Zarafonetix, C. J. Clinical Studios of Various 

Forms of PAS (with special reference to plasma 

concentrations) Lead before the American 
TUBERCULOSIS Trudeau Sociwty, Annual Meeting, Miluaukee, 


Visconsin, May 23-27, 1955 


NOW AVAILABLE in tablets (0.5 Gm), 


pou der, and convenient one-dose 


(3 Gm.) “Envules”. For information, 


ple ase write 


GLENWOOD LABORATORIES inc _ Teaneck, New Jersey 
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Meat... 


and the Rehabilitation of 
Protein Depleted Patients 


Although the recommended daily allowance of one gram 


of protein per kilogram of body weight is adequate for the average healthy 
adult,' greater amounts may be needed in the rehabilitation of patients 
depleted in protein after severe infections, mechanical trauma, burns, or 
extensive surgery.” Protein needs for tissue regeneration during convales- 
cence are high. 

‘To speed rehabilitation of the protein depleted patient, top quality 
protein and calories should be given in generous quantity.?, However, a 
high protein intake, 130 grams daily, at best induces a slow response." 
Intakes at 3 or 4 times that level may produce considerably more rapid 
gain in weight, strength, and morale.** If mastication and swallowing are 
difficult, canned strained meats—such as used in infant feeding—may be 
used to advantage in the high protein diet.? 


Lean meat, outstanding in contained top quality protein, may well 
be made the keystone of the high protein diet. Its abundance of vitamin 
B complex and essential minerals—iron, phosphorus, potassium, and mag- 
nesium—adds to its therapeutic value. Important also are its appetite 
appeal, its easy digestibility, and its virtual freedom from allergenic 
properties. 

1. Recommended Dietary Allowances, Washington, D. C., National Academy of Sciences — 
National Research Council, Publication 302, 1953. 
Co Tui: Review: The Fundamentals of Clinical Proteinology, J. Clin. Nutrition 7:232 (Mar.- 
Apr.) 1953 
Keys, A.; Brozek, J.; Henschel, A.; Mickelsen, O., and Taylor, H. L.: The Biology of Human 
Starvation, Minneapolis, Univ. of Minnesota Press, 1950. 

. Burger, G.C.E.; Drummond, ].C., and Sandstead, H.R.: Malnutrition and Starvation in 
Western Netherlands, The Hague General State Printing Office, 1948, Part II, p. 91. 
Co Tui; Kuo, N.H.; Chuachiaco, M., and Mulholland, J.H.: The Protein Depletion (Hypo- 
proteinia) Syndrome and Its Response to Hyper-Proteinization, Anesth. & Analg. 25:1 
(Jan.-Feb.) 1949. 


The nutritional statements made in this advertise- 
ment have been reviewed and found consistent with 
current medical opinion by the Council on Foods and 
Nutrition of the American Medical Association. 


American Meat Institute 
Main Office, Chicago... Members Throughout the United States 
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in expert hands 


One of the miracles of modern 
medicine is the swift restoration of 
the tuberculous patient to a useful 
life. Today, the healing hands of 
the doctor achieve dramatic results 
— even in streptomycin resistant 
cases — with the assistance of new 
and potent tuberculostatics. 


Working hand-in-hand with the 
medical profession, the Research 
Division of CMC supplies 


ISOPACIN 


brand of sodium para-aminosali- 
cylate with isoniazid, a combina- 
tion more effective than any single 
antituberculous agent yet avail- 
able. Supplied in tablets containing 
12.5 mg. INH and 0.5 gr. NaPAS. 


Other clinically proven products at your 
service: Dihydrostreptomycin Sulfate + 
Forticon (9 vitamins, 9 minerals, 3 
amino acids) + Germicin (Brand of 
Benzalkonium Chlorides, germicide) + 
lsopacin-S (NaPAS & INH) + 
halium (KPAS) + Streptoconin (Strep- 
tomycin & INH) + Teebacin (NaPAS) 
* Teebacin Acid (PAS) + Teebacin 
Acid Buffered (Buffered PAS) + Tee- 
baconin (INH) + Teebazone (TB 1) 


QUALITY + RESEARCH + ECONOMY 


Samples and literature 
at your request 


RESEARCH Olvision 


CONSOLIDATED MIDLAND CORPORATION 


1S PARKWAY, KATONAH, NEW YORK 
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THORAZINE* PREMEDICATION 


‘for surgical treatment of 


pulmonary 


induces in the patient a detached serenity and calmness 
untroubled by mental or emotional excitement 

“The postoperative course is characterized by prompt 
awakening from the anesthetic; stable vital signs; reduced 
incidence of nausea and vomiting; reduced requirements 
for analgesics; and elimination of the problem of 

urinary retention. 

“| Thorazine’| reduces the incidence of surgical shock and 
postanesthetic morbidity in [tuberculous] patients 


among whom these occurrences are common.""! 


1. Dobkin et al: Anaesthesia 10:328 (Oct.) 1955. 


“Thorazine’ Hydrochloride is available in ampuls, tablets and syrup 


For information write 


Smith, Kline & French Laboratories 
1530 Spring Garden Street, Philadelphia 1 
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Select ANTIMICROBIAL AGENTS 
with BACTO-SENSITIVITY DISKS 
for ANTIBIOTICS SULFONAMIDES 

and OTHER AGENTS 


£ years’ satisfactory clinical response 
to therapeutic agents selected with 

Bacto-Sensitivity Disks has demonstrated 
their accuracy, dependability and rapidity. 


SPECIFIC BACTO-SENSITIVITY DISKS TO ASSURE 


+ Maximum freedom of selection of therapeutic agents 
Broadest selection of concentrations 

+ Accurate readings without cross reaction 

+ Packaging for convenience of laboratory workers 


+ Greatest economy 


Bacto-Sensitivity Disks are sterile and prepared in three 
concentrations of each therapeutic agent making it possible 
to determine relative sensitivity to the organism under 
investigation—wvery sensitive, sensitive, slightly sensitive or 


resistant. 


Bacto-Sensitivity Disks are especially valuable in selecting 
the therapeutic agents effective against persistent infections 


refractory to primary therapy. 


AVAILABLE ON REQUEST 


+ BOOKLET 146 discusses the new, 
improved and expanded series 
of Bacto-Sensitivity Disks 
NEW REPORT FORM record 
microbial sensitivity 


DiFco LABORATORIES 
DETROIT 1, MICHIGAN 


= 


1) Better tolerated by many 
patients intolerant to PAS. 


2) Avoids anorexia and gastro- 
intestinal upset attributed to 
sodium PAS and calcium PAS. 


3) Provides higher PAS plasma Jf 
levels. 


4) Most soluble of all PAS salts. 
5) Rapidly absorbed. 


Potassium Para Aminosalicylate, Panray 


on sodium restricted diets. 
with adrenal impairment. 


Write or phone for 
literature, samples: 


